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PREFACE. 



The vital importance of diffusing some knowledge of the leading 1 
principles of Science among all classes of society, is becoming J 
daily more widely and deeply felt ; and lo meet and promote this 1 
important movement, W. & R. Chambers have resolved o 
ing the present Series of Elementary Science Manuals. The I 
Editors believe that they enjoy specia! facilities for the successful | 
execution of such an undertaking, owing to their long experience- 
now extending over a period of forty years — in the wmk of ' 
popular education, as well as to their having the co-operation o 
writers specially quaiided to treat the several subjects. In particular, 
they are happy in having the editorial assistance of Andrew 
FlNDLATEB, LL.D., to whose labours they were so much indebted 
D the work of editing and preparing CAamiers's Emyclopadia. 

, The Manuals of this series are intended to serve two somewhat | 
FdiSerenC purposes : 

:. They are designed, in the lirst place, for Self-ii 
■^•Dd will present, in a form suitable for private study, Che n 
M«nbjects entering into an enlightened education; so that young 1 
it about self-culture may be able to master them f 

\, The other purpose of the Manuals is, to serve as Tkxt-bi 
IK Schools. The mode of treatment naturally adopted in what is 
to be studied without a teacher, so far from being a drawbacti in a 
lual, will, it is believed, be a positive advantage. Instead 
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f IV PREPACK, 

trust and learned, as has been the usnal method in acTiool-teacliiiig ; 
the subject is made, as far as possible, to unfold itself gradually, i 
if the pupil were discovering the principles himself, the cluef 
function of the book being, to bring the materials before hini, and 
to guide him by the shortest road to the discovery. This is ni 
Bcknowledged to be the only profitable method of acquiring know- 
ledge, whether as regards setf-insitruction or learning at school 

I ELacTKiciTV, the subject of the present Manual, has within 

f compuatively recent times risen &oni being little more t 
curiositf among natural phenomena to the position of one of the 
most valuable of natural agencies for the varied wajits of mankind, 
and every one possessed of a liberal education is expected, at 
present day, to know the leading facts of its magical power, 
nunifications of the Electric Telegraph through every portion of the 

I rarilised world have so familiarised the present generation o 
with its wonders, that they are in danger of forgetting from what 
humble hi^nnings the science has sprung. In this Manual the his- 
torical groT/th of the science has been made the index to the order 
of its exposition ; and care has been lal^cii to avoid all mathematical 
expressions, or calculations which are not of the most elementary 

I character. 

For simplification in teaching, the subject has been ilivided into 
wb-sections or articles, which are numbered continuously ; and a 
series of Questions, in corresponding divisions, has been appended. 
These Questions, while they will enable the private student to lest 
for himself how far he bus mastered the several parts of the subject 
as he proceeds, will serve the teacher of a class as specimens of the 
more detailed and varied examination to which he should subject 
hit pupfk. 
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I. There is a kind of greyish-black iron-stone, found in 
several parts of the world, that has the remarkable property 
of attracting small pieces of iro n or steel. In olden times the 
Greeks, and probably also the Chinese, knew of this stone. 
It is said that the Greeks got it from Magnesia, in Asia Minor, 
and chat this is the origin of our terms iHagnel and mag- 
netism. The ore is commonly called loadstone, but it is 
known to chemists as the magnetic oxide of iron. 

Not only does the loadstone possess this power of attracting 
iron itself, but it can communicate its virtue to steel. A bar 
of well-tempered steel, if repeatedly rubbed by it, acquires 
exactly similar properties, and is termed an artificial magnet, 
while the other is called a natural magnet. In point of 
strength and convenience, artificial magnets are far superior 
to natural ones, and are therefore more commonly used. 

2. Poles of a Magnet.— U VIS take a bar of steel, which has 

been thus rubbed by a loadstone, and to which the name of 

bar-magrut is usually given, and scatter iron filings over it, 

they will adhere in tufts at both ends, but none will be found 

at the middle of the bar. Or we may put the magnet under 

, a sheet of pasteboard, and sprinkle the filings over the sheet. 

L We shall then find the small particles of iron arrange them- 

Kclves in beautiful curved lines round both ends of the magnet. 

pt appears from this that the chief power of the bar lies at the 

■o ends, or at points near the ends, roimd which, as centres, 

e curves are formed. 

These centres of magnetic force are called the poles of the 

istone or magnet, from another peculiar property which 

e found to possess, if a maErLet\c hai \ie ^■^■i'j«v.&K&. 
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Pi MAGNETISM. ^H 

by a thread, or be delicately poised on a pivot, il will not ^H 
rest till it has settled in one position, which is in a direction 
nearly north and south. If moved from this position, it 
returns to it again, the sa»u end always turning towards the 

• north. That end which so points to the north is called the h 

north pole of the magnet, and the other its south pole. ^^ 

3. Poles/oundanfy in Pairs.— We.cimne.ve.i'have.a.TDagaa. ,^| 

with only one pole. The two are always found together, and ( 
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opposite both in their properties and positii 
break a magnet in two, we do not have two pieces, one all 
north pole, and the other all south; but wc have two com- 
plete magnets, and that however many times we break the 
bar. To this twin exhibition of force residing in opposite 
sides of a body is given the name of polarity. We shall 
find that It is not peculiar to magnetism, but is a feature of 
all electric phenomena, Sotnetimes, indeed, we have in the 
than aitepair of poles; but this is owing to 
I'Wme irregularity of the steel temper, or of the mode in which 
I'flie magnetism has been communicated. When more than 
pair of poles occur in a magnet, they are called catue^ 
eutive points. They render a magnet practically worthless. 

4, Zfltfj of Polar Action. — The action of the poles of one 
ntognet on those of another is remarkable. If we bring two 
■north poles together, they repel each other; or, if we bring 
two south poles together, they do the same. But if we bring 
a north near to a south pole, tliey attract each other power- 
fully, and cling together. From this simple experiment we 
deduce the two general laws of magnetic action ; Like poles 
rtpil each other ; unlike, attract each other. It is thus very 
easy to tell the north and south pole of any magnet. We 
have simply to try its action on a needle suspended so as to 
point north and south. 

5. Afogitetie Induction. — A bar of soft iron has of itself no 
power 10 attraa iron filings, or another piece of iron. In 
presence of a magnet, however, it instantly assumes this 
power. If we suspend from, say, the south pole of a magnet 
AD iron nail, its free eod attracts filings, just as the magnet 
would do, and the nail has become, in every way, like a 
atjumtt. 1 1 has two pules, thai end being a north pole which 
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is next the south pole of the magnet. The same thing is ' 
seen, though in a less powerful degree when the magnet is 
simply brought near to the iron nai!. But the magnetisation of 
the nail, though perfect, is merely temporary. The moment 
we take away the magnet, its magic power is gone, and the 
filings drop off. 

This action of a magnet on soft iron, communicating to it 
a temporary magnetic polarity, is termed induction. All 
bodies, as we shall see under diamagnetism, are magnetic — 
that is, influenced by magnetism in one way or another. 
But induction proper, by which two magnetic poles are 
excited, is confined to iron and its varieties. Even here 
there is a remarkable contrast. The influence of a magnet 
on tempered steel is very different from that on soft iron. 
Steel will not assume the polar state at once, but only after 
repeated friction with a magnet. Yet, once magnetised, it 
retains its polarity with equal stubbornness. The cause of 
this is not well understood ; but it is usuajly ascribed to the 
presence with the particles of steel of a coercitvoi Jeree^ as it , 
is called, which resists equally the communication and the J 
Abstraction of the magnetic state. 

Induction, or the action of a polarised body inducing a 
similar polarised state of another body in its vicinity, 
confined to magnetism, but appears to be manifested in every' I 
case of polarity. We shall see, under Electricity, a similaiffl 
influence possessed by a body electrically excited or polarised;:B 

6. Forms of Magnels. — Magnets are usually made eithet 
itraight bars, or like a horse-shoe, so that both poles may ■ 



be brought to act on thi 
magnetism is desired, it 
the magnet, but to form 



i better not to 
I magnetic in 



And when powerful 



, or compound 
ignet. This is done by magnetising separately a number of 
lilar bar or horse-shoe shaped ■pieces ol sot^ ^' 




MAGNETISM. 

' them together with the like poles lying the same way. Fig, i 

shews the mode of arrangement of a compound bar-magnet. 

The bars are bound by a brass screw or frame to a piece ol 

It each end, in which the several poles have their mag- 

1 concentrated. Fig. 2 represents a 

compound horse-shoe magnet, with its 

armature attached. This armature or 

keeper must be used with all magnets, to 

, prevent the loss and ultimate disappear- 

s of their magnetism. It is simply a 

Iw, \ /'" / P'^*^^ °^ ^^' "°" placed across the oppo- 
% \ (l I site poles of a horse-shoe magnet, or of a 
HIm 111 s P^"^ °^ bar-magnets. Any magnet, nol 
J^iJ^i shielded by its armature, has its polarity 
7 — ~Sv-^ disturbed and even destroyed by the action 
^ of the earth, which is itself an enormous 

p. _ magnet. The soft iron is made, by induc- 

tion, an exact counterpart of ihe magnet, 
d the power of the permanent poles is in this way even 
abased, for a much greater weight can be suspended from 
a armature than the single poles can sustain. 
7. Magnetisation. — There are several processes by which 
a oar of stee! may be magnetised. The simplest way is to 
pass one pole of a strong magnet from end to end of the bar 
several times, and always in the same direction. In this 
case the magnetism of the end first touched will be the same 
as that of the rubbing pole, 

A somewhat better way is to rub the steel bar from the 
middle to one end with one pole, say the north, of the magnet, 
and then fi-om the middle to the other end with the south 
pole. Each half is to be rubbed the same number of times, 
and the end rubbed by the north pole becomes a south pole. 
Another, and a very accurate method is that shewn in fig. 
3, which is employed for magnetising needles. It is called 
the method by Di-uided Touck. The bar, ns, to be magnet- 
ised, is placed on a piece of wood, W, with its ends resting 
on the opposite poles of two strong bar-magnets, NS and 

K^. Two rubbing ma^ets are placed, with their opposite 
Ds together, at the middle of w, and making a small angle 



I 



\ 



MAGNETISATION. 



with it. They are then moved away from each other to the 
enJs of ns, and brought back in an arch to the middle again. 
If this is done a few times, the bar is fully magnetised, the 




positions of the various poles being indicated by the letter;, 
in tlie figure. 

For horse-shoe magnets, the usual metliod is to place the 
inducing magnet upright on the magnet to be formed, with 
E across its ends, as drawn in fig, 4, It is iJieii 




moved from the ends to the bend, or in the opposite way, and 
brought round again in an arch to the starting-point. 

Other methods of magnetising steel, which do rot require 
the aid of a magnet, are furnished by the magnetic power of 
the earth, and by the galvanic current. But these will be 
explained afterwards. 

8. Magnets, when freshly magnetised, have often more mag- 
netism than they can retain. In that case, they gradually 
fall offin strengdi until they reach a statiooarj ■^ot»-,'^^«s. I 



they are said to be saturated. The strength of magnetism 
that can be imparted pennanently to any magnet, 
uration point, depends on the quality and temper of its steel. 
If a magnet has got weakened, its strength may be gradually 
restored by hanging weights to its armature, and increasing 
them gradually from time to time. On theotherhand, by re- 
peatedlydetaching the keeper&.bruptly,weweakenthe power of 
a magnet, and in this way it is very easy to reduce one above 
saturation to its fixed strength. It may be remarked gener- 

L ally, that whatever disturbs the molecular condition, or inter- 
e of the particles of a magnet, affects iis power. A 

I red heat will deprive it of all traces of magnetism; and a blow, 
or a number of blows, may do the same, or may even change 

I the poles. 

9. Theories 0/ Magnetism. — The best known theory of mag- 
netism supposes that there are two magnetic fluids existing 
in the substance of the magnet, and adhering to it. Each 

I kind of fluid repels itself, but attracts the other kind. In an 
\ tinmagnetised body, the two fluids are supposed to be mixed 
1 tip together, and so to counteract each other's effects. Mag- 
I oetisation consists, according to this view, in separating the 
' two fluids to opposite sides of the body, or to opposite sides 
of each particle of the body. 

Another more recent and more plausible theory regards a 
magnet as an assemblage of minute permanently magnetic 
particles, with their similar poles all lying one way. We have 
seen that, though a magnetic bar be broken into fragments, 
each piece is a perfect magnet. This fact is supposed to be a 
strong argument in favour of the latter theory. To magnetise 
a body Is to throw its particles into a stale of regular polar- 
1 ity, its previous want of magnetism being due to the want of 
I diis regularity. 

Ampere's theory, which connects the phenomena of mag- 
netism and of electricity, is another and still more novel 
theory, which will be explained under Electro-magnetism. 

10. Diamagnetism. — It had been known since the beginning 
of this century that the metals nickel and cobalt were feebly 

^etic, and could be attracted by a strong steel magnet 
tbe efTect of iriagnetism on other bodies was unlcnown 
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DIAMAGNETISM. 13 

cill the discovery of an unlimited magnetic power in iLe 
galvanic current The electro-magnet (to be afterwards de- 
scribed) was used in the hands of Faraday, to shew that all 
bodies are more or less magnetic ; though, in general, the 
magnetism is so feeble as to be utterly insensible to the most 
powerful steel magnet. Faraday, in 1845, first proved that 
all the meiajs, such as goldj silver, copper, etc., as well as the 
liquids and gases, are influenced by the powerful magnetism 
of the electro-magnet He also established, by a series of 
beautiful experiments, that there is a notable difference in its 
effects on diiferent bodies. 

If a small piece of iron wire be hung by a silk fibre between 
the poles of an electro-magnet 
(fig. ;), it will come to rest 
with its length in the line of 
the poles, ab, or axially, as 
Faraday termed it 

But if a small rod of bis- 
muth be suspended in this 
way, it will set with its length 
along cd, that is, across the '"'* * 

line of the poles, or cquatorudly. The reason is, that ii 
attracted by both poles, while bismuth is repelled by both. 
Iron, and substances which behave like it, Faraday called 
paramttgneiic ; bismuth, and those like it, he called diamag- 
netic. Ordinary magnets are sufficient to shew the paramag- 
netism of iron, nickel, and cobalt ; but the coercitive force of 
other substances is so feeble that they require a much more 
powerful magnetism, The following substances are found to 
be paramagnetic : Iron, nickel, cobalt, manganesi, paper, 
aealing-taax, plumbago, red lead, sdnc-sulphate, shellac, ckar- 
toaL These are diamagnetic : Bismuth, antimony, nine, tin, 
mercury, kad, silver, cgfiper, gold, alum, glass, nitre, sulphur, 
resin, water, wood, leather, eaoutchmie. They are given in 
the order of their coercitive force. By inflating soap-bubbles 
with different gases, Faraday proved that gases also are mag- 
netic, though to a much feebler degree than any solid or 
liquid substances. 
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r towards the 
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N needle, delicately poised, as shewn ij 
fig. 6, taltes up a position nearly north 
and south. The distances of the earth's 
poles are so great that their actions on 
the poles of (he needle may be regarded 
as equal forces acting in opposite ways. 
Such forces can have no other effect than 
merely to turn the needle round its axis, 
so as to bave its length in their direction. 
:ommon steel needle, magnetised and 
'ater, will shew no tendency to move 
irth pole of the earth or toivards the 
their line. 



The value of the magnetic needle as a guide, in the absence 
V of other directing marks, is obvious. To the navigator it is 
estimable, and led, centuries ago, to the invention of the 
I mariner's compass. 

3. Declination. — But the needle does not point due north 
and south, and the amount by which it deviates from that 
direction is called the declination of the needle. The reason 
of this deviation is, that the magnetic poles of the earth are 
rot at the ends of its axis, just as the poles of a common 
steel magnet are not at its ends precisely. 

It is of the utmost importance to the mariner to know the 
amount of this deviation of his needle, or compass, from 
the true north ; and what makes the indications of his guide 
less reliable is the fact, that the declination is not the same 

I for all places on the earth's surface. In some places, there 
is no declination at all — that is lo say, the needle points due 
Mith. in this country, it points to the west of true north. 
Mile in India it is found to point to the east of it. 
V "ts have been drawn having these important changes 
f I marked by lines traced through all places where 

t of (JecJi nation is the same. These lines are called 
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DECLINATION — VARIATIONS AND DIP OF THE COMPASS. 1 5 

isagonic or tqual-angte lines, and the charts isogame charts. 
Looking at such a chart, we see that the needle points to the 
west of the true north in Europe and Africa, in the Atlantic 
Ouaii, in the eastern part of tke two Atnerkas, and tkt 
'western part of Asia and Australia, These form what 
may be called the western declination hemisphere, while the 
other parts of the earth's surface form the easterr 
gular line of no declination separates the two hemispheres, 
running through the eastern continent of North America, ai 
a corner of South America, and coming round through 
Australia, the west of Asia, and the east of Russia. Curi- 
ously enough, the line is slowly changing place, the Asiatic 
hne of no declination advancing towards Europe. 

13. Periodical Variations of the Compass. — Nor does the 
declination vary only with the place on the earth's surface, 
but, at tie same pbce, it varies ivith the year, the season af 
the year, and even the hour. In England, for ir 
needle had been for 170 years turning mi 
W. of true north, till in 1815, it was as much as Z4J* W, 
Every year since then it has been slowly receding, and n 
it is only about igj' W. At the present annua! rate 
decrease (S*), it will within a century and a half once mi 
point due north. 

There is also a periodical variation with the season of the 
year. Observations shew that, froni April to July, the ai 
of westerly declination decreases ; while, during the rest of 
the year, there is a slight turning to the wes 

The needle shews a slight, yet quite decided tendency to 
turn to the sun, and this gives rise to regular daily fluctua- 
tions. Of course the motion is very minute, and requires 
very delifate instruments and observations to detect it 

Besides these regular variations of the declination, there 
are sudden and unforeseen disturbances, caused by what are 
called magnetic storms. Earthquakes and volcanic eruptio; 
have a marked effect on the needle. The Aurora Borealis 
is invariably accompanied by its disturbance; and the appear- 
ance of solar spots, which are most numerous every ten years, 
has been associated with special magnetic iitegularitie 

14. Inclination or Dip.—M aa imnia^jvecvwA. tv^£«v<i'v 
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balanced about an axis, so as to remain horizontal, it will, after ■ 
being magnetised, and placed in the magnetic meridian, no 
longer lie evenly, but will point dowmvards. This dip or ift- 
c/wiaft'an, as it is termed, ofthe needle to the horizontal is owing 

the position of the earth's magnetic poles. They are deep 
in the interior of the globe, and by no means coincide with 
the poles of its axis. Now, if we take a small balanced needle 
which can swing vertically up and down, and move it over a 
bar-iaagnet, we find that when it is above the middle of the 
bar, it remains horizontal, its ends being equally attracted by 
the poles of the magnet. When brought over one of the 
poles, it stands upright, and at any position between, it is 
more or less in an inclined direction. Exactly similar to 
the action of the bar-magnet is that of the earth. A balanced 
needle will be differently inclined, according to its disiajice 
from the two poles. 

Over the north magnetic pole, it stands upright, with its 
north pole down. In 1831, Captain Ross came upon a spot 
in 70° 5' N. lai., and 263° 14' E. long., where the needle stood 
vertical. That spot must therefore be right over the north 
magnetic pole. Near the equator, again, there is no dip, and 
the needle lies horizontal. A line drawn through all such 
places of no dip is called the magnetic equator. It is an 
irregular line near to, but not identical with the earth's equator. 
Charts have been drawn up with lines showing all places 
where the dip is the same. To these the name of isocUtUc 
lines and charts is given. 

Like the declination, ihedipis subject to periodical as vieW 
as irregular variations. At the beginning of the present 
century, the dip was 70° 35' from the horizontal in London, 
and it has since then been gradually diminishing. In Lon- 
don, it is at the present time about 67° 50', and there is an 
annual decrease of about 2'6'. It is found that the diurnal 
or daily variations, as well as the distitfbances of magnetic 
storms, affect the inclination af the same time as they affect 
the declination needle. 

Magnetic Intensity. — If a nicely poised needle be made 
a pivot or axis near a magnet, it will vibrate more 
TTJore slowly, according to the strength of the 
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magnet, and according to its distance from it. At the middle 
of the magnet, it will not vibrate so actively as at the ends j 
and the number of vibrations it will make in any time, say 
in one minute, will be an estimate of the magnetic force affect- 
ing it. Precisely in this way, then, is the strength or intensity 
of the earth's magnetism found at anyplace on its surface. 
At the equator, the needle, oscillating most slowly, shews 
the magnetic intensity to be weakest there. As we go north 
or south, it swings somewhat more quickly, indicating an 
increase of magnetic force. 

i6. Magnetic Elements. — These three indications, then, of 
the declination, as shewn by the compass needle, of the 
irtelina/ian, as shewn by the dipping needle, and of the 
magnetic intensity, as shewn by the vibrating needle, are 
termed the magnetic elements of a place. They are different 
at each place on the earth, and are always changing, so 
that each spot has its own magnetic history. 

At the present day much importance is attached to these 
changes of the magnetic elements. An immense amount ot 
labour has been spent in observing and registering the varia- 
tions of ihe magnetism at different stations over the globe, 
and many important and unexpected facts have thus been 
elicited. 

The variations that have been found to be regular in their 
occurrence, having periods either of a year, or of a month, 
or of a day, can evidently be traced to the influence of the 
sun or of the moon. These bodies are themselves, in all 
probability, magnetic like oui earth, and they will act as 
huge magnets at a distance. 

Some of the irregular variations can be traced, as we have 
said, to definite causes. But of the slow changes which take 
centuries to effect, no acceptable explanation has yet been 
given ; and of the causes of other disturbances we know as 

it absolutely nothing. 
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ub a piece of amber briskly with a dry doth, it 
small feather or a bit of straw. The Greeks . j 
knew this as long ago as 600 B.C. ; and yet in this 1 
lay concealed for two thousand years the future of the now 1 
enormous science of Electricity, We owe the start, as well I 
as the name, of the science to Dr Gilbert, a physician of I 
Queen Elizabeth. He discovered, in i5oo, that many other 1 
substances, such as sulphur and glass, act in the same way J 
when rubbed. It was not the mere heating of the ambei 
that was sufficient to account for this attraction. Dr Gilbef 
supposed that the rubbing produced a very subtile substano^ 
on the amber or glass, which somehow licked up the bits d 
straw or paper from a distance. He did not v( 
speculate far on the nature of this strange substance i but he H 
gave it the name of Electrictly^irora the Greek word j 
tlcctron, meaning amber. 

For almost two hundred years, friction was the only know] 
tnode of producing the electrical state of bodies, till, i 
beginning of the present century, the discovery of galva 
revealed another means. This was but the first of a i 
of extensions, and what was, at one time, the whole, forms 
now but a mere part of the science of Electricity. 

The various sources of electricity, such as friction, chemical 
action, magnetism, and heat, naturally form the bases for the * 
divisions of the subject. We shall accordingly begin with ~ 
account of the electricity of friction, which, if not of mi 
practical importance, is no less interesting in itself than it 
instructive. 

FRICTIONAI, ELF.CTRICITV. 

18. EUtiuntary Fads. — The first experiment in electricity J 
is most readily shewn by means of a stick of common sealina 
wax, a dry piece of cloth, and a few bits of paper. We havj 
but to rtib the sealing-wax OTice or twice to make it 

; bits of paper, just as a magnet does iron filings. 
'or experiments in this subiect, it is useful to have a numb J 
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of small pith-balls, formed from the pith of the elder-tree, 
the common simfiower. One of these, hung by a silk thread 
from a convenient support, is called an electric pendulum, and 
shews very readily the attraction of an electrified body. 

~ Jt every substance which we rub as we did the sealing- 

will not behave in this manner. A rod of meial, held in 

the hand, will shew no trace of electricity, though it be rubbed 

It is clear, therefore, that all bodies are not 

alike with regard to the electrical stale. 

The difference used to be explained by saying that amber, 
glass, and such substances are electrics, while the metals and 
others are twit-elecfrics — that is to say, that the former class 
can be electrified by friction, while the latter cannot. Tliis 
idea is now Itnown to be erroneous. For, if the metal be 
held by a glass handle, and nibbed, it will at once shew its 

The true explanation lies here. In some substances, the 
electrical state is no sooner produced at any part than it in- 
stantly diffuses itself over the whole. In others, it is confined 
to the part where it is produced, or, at least, spreads over the 
rest of the body very slowly, and with great difficulty. Accord- 
ing as bodies admit this instant diffusion or transmission of the 
electrical slate or not, they are now termed conductors or 
non-condiiclors. Non-conduclors, such as dry air, glass, 
shellac, etc., are also called insulators^ because, if an electri- 
fied body is surrounded by such, its electricity is enclosed as in 
an island, and prevented from escaping over other conductors. 
The earth is a huge conductor, and any electricity, which we 
can artificially excite, must lie carefully insulated from it, 
otherwise, if allowed to spread over the earth, it will be lost 
in its immensity, like a wave on a boundless sea. 

We can now easily understand the difference betweem 
rubbing a rod of metal and one of glass held in the handi 
In the former case, the electricity is dissipated as fast 
is produced, while the glass acts as the insulator of its 
electricity. 

But there is no such thing as a perfect conductor 
perfect insulator. In other words, the very best condvictors 
~ ■ the diffusion of electricity, and tins, 



1 



w 



ELECTRICITY. 



i «ry worst do not wholly prevent it. Nor is there any sharp 
line between the two ; the difference is merely one of degre^ j 
and depends on a variety of causes, such as temperature. ] 
Thus, water is a moderate conductor, yet ice and dry si 
are both insulators. 

The following is a list of bodies in order, from the best ,J 
conductors to the best insulators ; Silver, copper, gold, 
iron, lead, mercury, charcoal, adds, salt solutions, rarefied'm 
air, pure water, stone, dry ice, dry toood, porcelain, dry paper^l^ 
wool, silk, glass, sealing-wax, sulphur, resin, gutta-percha, I 
india-rubber, shellac, paraffin, ebonite, dry air, ^xtA gases. 

19, Two Kinds of Electricify. — Looking more closely at th 
action of a rubbed glass rod on the electric pendulum, we 
see that the attraction is merely momentary, and is followed 
by as brisk repulsion. Any attempt to bring the rod near to 
the pith, only serves to drive it farther away. But if an 
exdtcd slide of sealing-wax be brought near, the pith instantly 
fiies to its embrace, only, however, 10 be in a moment cast off, 
as it had been by the glass before. Banished from the wax, it 
will now find favour witli the glass for an instant again ; and 
thus a continual exchange of sympathy for the one oi 
other electrified body may be kept up as long as the e? 



Now, this curious behaviour of the pith can be accounted 
for only on the supposition that there are two opposite states 
of the electrical excitement, one peculiar to the glass, and 
the other to the sealing-wax. What the one repels, the other 
attracts, and the characters of the electricities must therefore 
be as opposite as are attraction and i-epulsion. 

In any case, the excitement is either like that of glas 
that of sealing-wax i thus any electricity used to be defined J 
as either vitreous or resinous. But these terms are not quite I 
correct, as either kind may be got from the glass or from the f 
wax, by varying the nature of the rubber. For vitreous and 1 
resinous, the terms positive and negative are now used- 
positive electricity being like that evoked on glass by rubbing- J 
Mjth silk ; and negative, that evoked on sealing-wax by 7 
' with flannel. 

>s oj Electricity. ^i^ In order to produce the dec- 
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trical State, we must always have the contact of dissimilar 
bodies. We get no eleclricitj' Tiy rubbing together two bodies 
precisely similar in nature and manufacture ; but a very slight 
difference is sufficient to render electrification possible, For 
instance, if we rub together two silk ribbons, of the same 
kind but differing merely in colour, we shall find one posi- 
tively and the other negatively electricaL 

(2,) We cannot produce one kind of electricity without an 
equal amount of the opposite kind at the same instant. 
Positive goes to one of the bodies, and negative to the other, 
according to some law which has not yet been detected. The 
kind of electricity that goes to each of the rubbing bodies, 
depends on some still hidden reUuion between the two bodies. 
Thus if we rub glass with silk, the glass assumes the positive 
state. But if we rub it with catskin, it assumes the negative. 
We know by cKperiment, though we cannot as yet tell the 
reason, that if we rub together any two substances 
following list, the one which comes first in the list will be 
positive ; CaUHn,Jlannel, glass, cotton, silk, the hand, shellac, 
metals, sulphur, india-rubber, guttOrPercha. 

(3.) Bodies similarly electrllied repel, and bodies dissimi- 
larly electrified attract each other. This corresponds 
law of magnetic action. If we take two piths hanging to- 
gether by two silk strings, and touch both with an electrified 
body, such as a rubbed stick of sealing-wax, they repel each 
other and remain apart. But if we electrify one with positive 
and the other with negative electricity, they attract. Also if 
both are similarly electrified, but one more powerfully than 
the other, there will be an attraction between them, and a 
redistribution of their electrii 

(4.) The electrical excitement is only found on the surface oj 
a conductor. This may be shewn by a hollow brass ball with 
an opening of an inch diameter or so, and fixed on a glass 
stand. However strongly we electrify the ball, not the slight- 
est trace of electricity will be found inside. Faraday set a 
cylinder of wire-gauze on an insulating stand, and electrified 
it powerfully ; yet, strange as it may seem, none could 
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^^^A powerfiilly ; yet, strange as it may seem, none could pass ^A 
^^^BK the meshes to the inside. ^H 

^^^Kzi. Electrical Theories. — Mavv^ vheQt\as a^ \.'i ■iie. -vvasjox-^^H 
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of electricity have been proposed, but its real cbaractetis 
beyond our reach. The two most important historically, 
thejiuiii theories of Franklin and of Symmers, 

Franklin's theory is, that all bodies, when in the neutral 
state, contain a definite quantity of an extremely elastic, im- 
ponderable fluid which repels itself, but attracts matter. 
Bodies are positively electrified when ttiey have more than 
their natural share of it, and negatively when they have less. 
Symmers' theory is, that bodies in the neutral state contain 
eqiial amounts of two electrical fluids, of opposite characters. 
By friction and othermeans, these can be separated, one going 
to each body rubbed. Each repels iiself, but attracts the 
other, and one is peculiar to rubbed glass, and the other to 
rubbed sealing-wax. These fluid theories were long exclu- 
sively adopted, and on them are based all the leading terms 
of the science. 

The modem tendency, however, is to depart ftom all 
wa^'^r^'ii/ theories of electricity, and to adopt some one more 
or less analogous to those of heat and light. They tend to 
ascribe the electrical state to some modification of the ether 
which is believed to fill all space, and to pervade even tl 
densest matter as easily as air does the branches of a tree. 

Faraday and Grove ascribed all electrical phenomena i 
a polarisation of the molecules of bodies, or a setting of the 
molecules all in one direction, there being no such regularity 
when bodies arc in the unelectrified state. Faraday, by a 
series of testing experiments, went far to establish this theory, 
which would overturn all the fluid theories. 

22. Induction.— PiXi electrified body has the power of induc- 
ing, or of affecting a neutral one at a distance in much the 
same way as a magnet does a piece of soft iron. This may 
be shewn very simply in the following way. A brass cylinder 
with rounded ends, and fixed on a glass support, has pairs 
of piths hung at each end (fig. 7). If, now, an insulated con- 
ductor, such as a brass ball, be charged positively, and 
brought near one end of the cylinder, both pairs of piths will 
itantly diverge, and as quickly collapse when it is taken 
ay. It is easily shewn that the two ends of the cylinder 
in opposite eieci/ical states, and sepaia.ied h^ a ncutr^d 
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line of no electricity. Next the positive ball there is negative 
electricity induced. And so it is always. A charged body 

n opposite kind of electricity 
on the side of another next it, and the (^^^^^^*^M 
kind on the farther side. If we T^ ^TT \0 
had a series of cyUnders Uke that in * ^ H 

the figure, placed end to end in a line, I 

without contact, we should find that ll 

the positive end of the first cylinder JIk^ «m^ 
would act on the next just as the ball ^-^ «20^ 
did on itself. Thus the induction ^ 

might be transmitted through the whole of ihem ; and, on 
our removing the inducing ball, they would all i 
neutral state instantly. 

23. Ail Electricity af a Polar or Dual /^cr»«.— Opposit* 
forces are here, as in a magnet, resident in opposite sides 
of the conductors. They are therefore said to be polarised, 
and, indeed, there seems every reason to believe that all 
electric action is of a polar nature. When a rubbed gl; 
, attracts a pith, it is an attraction between the positive of 
[ ' the glass and the negative it has induced on the face of the 
^ pith next it. This is quite analogous to the action of a mag- 
net on a piece of soft iron. There is, however, an apparent 
contradiction of lliis polar doctrine, for we may give to a body 
by induction only one kind of electricity, and this it retains 
permanently. If, while the cylinder is near the positively 
charged ball, we touch it for a moment with the finger, we 
uninsulate it, and allow its electricity to spread over the 
earth and become lost. Only the positive, however, will 
escape ; the negative will be held bound to the positive induc- 
ing chaj^e. If afttr thus touching the cylinder, we remove 
the ball, we shall have remaining on the cylinder DK^ne^n^iue 
electricity. This is very different from what we can do with 
magnetism. There seems here no second electric polarity. 

The explanation, however, is not far to seek. All matter 
can be excited electrically, but only one kind magnetically. 
In the case of electric polarity, then, it is possible to transfer 
one of the poles by induction to surrounding objects, whereas^ . 
in magnetism, this transference caju^cAU^«^va.>;K.. "^•a'.* 
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is it possible, but it is what must take place before we fsn 
have any electricity at all. Faraday has shewn that a body 
cannot be electrified at all, either positively or negatively, 
unless there be surrounding objects to which it can transfer 
the opposite electricity by induction, and that the degree of 
charge which it can take is just in proportion to this facility' 
for induction. 

When a body is charged by induction, then, i 
electricity is opposite to that of the charging body. But when 
P we charge it by contact or by spark, the electricity is of the 
■ same name as that of the charging body. Yet the latter is 
due to induction as well as the fonner. For when we bring 
the ball (fig. 7) near the cylinder, the positive electricity of 
the ball tends to unite with the negative it induces next it. 
The tendency increases as they approach, till at last it is 
sufficient to burst through the interval of air ; and the tvro 
flash together with a spark, and neutralise each other. Thus, 
the positive electricity at the other end of the cylinder is left 
alone without its negative, just as if the positive of the ball 
had passed or flowed over to it. 

Faraday shewed that the air Is the medium by which the 
electric force passes between an inducing and an induce^ I 
body. He found that, if he changed this medium and put! 
shellac for air, the amount of electricity induced was about i 
twice as much as with air. Hence he called shellac a better 
dieiectric, or medium of induction, tiian air. Bodies, he would 
say, difier merely in the facility with which their molecules 
communicate the electric state. If induction, then, be an 
action at a distance, it is at no greater distance than between 
the molecules of badics. ■ 

34. Distribution of Electricity. — Whatever may be tbd 
nature of electric force, it may be assumed as self-evidecn 
that its intensity, or tension at any part of the surface of fl 
body, will be less in proportion as the surface is increased. iP 
two insulated balls, one electrified and the other neutral, be 
made to touch, the charge will be just divided between them 
in proportion to their size. The intensity of the excitement has. 
^nothing to do with its quantity ; and the same quantity may, 
^Btdifferent circumstances, possess very different intensities. 
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Not only does the size, but even Ihe shape of 
materially influences the intensity of The 
different parts of its surface, A ball, since 
every part is alike, will have the same inten- 
sity all over iis surface. But an electrified 
cylinder will have the greatest intensities at 
its ends. With a body such as that in fig. 8, 
the tension will be far greater at the ends 
than at the middle. In general, the farther 
a body is from the spherical shape, the farther 
will its intensity be from uniform distribution. '''■ ° 

When the body ends with a sharp point, the electricity 
all to accumulate at the point, so that it is too great 
retained on the body, and it bursts from it instantly. 
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^Ks;. In the glass tube and silk rubber we have the embryo of 
^n electric machine; the principle of the large machine i: 
quite the same, and its object is merely to produce electricity 
mote readily and copiously than the small tube does. It i 
not necessary to construct a grand or expensive machine t 
try most of the experiments given here. The first electrical 
machine of the famous Fara- 
day was made by himself from 
a common glass bottle, 

26. Cylinder Machine.— Y\%. e~| 
9representsoneofthis class of 
machines in its very simplest 
form. It consists of a strong 
glass cylinder. A, which can 
be turned by a handle. Against 
one side of it presses the rub- 
ber, E, which is a cushion of 
leather stuffedwithhorse-hair, 
and having its pressure regu- 
lated by means of screws. 
Facing the opposite side is a 
row of brass points, n 
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^■26 

^^H These metal points communicate with a brass cylinder, G j 

^^H (rounded at the ends, and mounted on well inaulacliig glass J 

^^B supports), which is called the prime condttctar. I 

^^g When the handle is turned, the friction of the rubber excites j 

positive electricity on the glass, and negative on the rubber J 

itself. Being a non-conductor, the glass retains its electricity I 

till brought opposite the points, when it is discharged w I 

picked up, as it were, by the action of these. To prevent 1 

. dissipationof the electricity from the glass as it rushes through j 

a flap of silk lies over the cylinder from the rubber to 1 

[ Bear the metal points. In this way, then, positive electric!^ I 

I -collects on the prime conductor, and negative on the rubber, I 

I \i the latter were insulated as well as the former, the tendenq^ I 
f- of the electricities to unite at the rubber would increase with 1 
f its charge, and a limit to the power of friction to prevent this J 
\ would very soon be reached. By connecting the rubber with I 
[the ground, weget rid of the negative electricity, and can thuS I 

n accumulating to a much greater degree the positive. In, J 

y instruments, the rubber is connected with an insulatedj 

k^cylinder similar to that of the prime conductor. Positive o^| 

II negative electricity may then be had al pleasure, by connectin|B 
with a metal rod or chain either the rubber or the prime coi^H 
ductor with the ground. But except for this choice which it putsS 
in our power, it is not necessary to insulate the rubber at all. 1 

27. Plate Machine. — One ofthebest existing forms of plate J 
machines is that shewn in the figure, and Itnown as WinterVj 
machine (fig. 10). A round dl of stout plate glass or vul^| 
canite forms the excitable surf e It mple ely insulate^| 

by the glass support £, and the s,\ ss axle a hi ch turns t^| 

»The chief advantage of the pi e rra i,ement is that bolf^^ 
sides can be rubbed al once. In th ma 1 ne the rubba1^| 
I are triangular-shaped pieces of d ha padding of oajH 
or two layers of flannel covered 1 I athe and a large flaiH 
rubbing surface thus acts on the plate, fl 

From these rubbers a dap of oiled silk passes on each sid^| 
of the plate to near the collecting points, to prevent loss c^H 
^^^^-"^Vity. The attraction of the rubbed plate keeps thes^f 
^^^^V position when themachine is inaction ; at other time^l 

^^^^H "big, is used to keep them up. ^M 
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■ A peculiar feature in Winter's plate machine is a large 




ring which fits into the ball of the prime 
conductor. It is appafently a wooden 
ring, but the core consists of a metallic 
wire, which communicates with the 
prime conductor, when it is fitted in its 
place. The figure (fig. n) shews a 
section of the ball of the prime conduc- 
tor with the ring so fitted on. 1 1 serves 
to increase the accumulation of electri- 
dty enormously ; the wooden envelope 
appears to prevent the discharge into 
the air, as the silk Hap does with the 
electricity of the plate. 
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the frictional excitation of electricity is, 

in all these machines, very greatly en- ^. 

hanced by covering the surface of the 

rubber with an amalgam^ mx metalWc com^-i^ft.- "S-vX"^ 



the shape of a. fine powder, a.nd is usually made of mer 
cury, line, and tin ; it is spread on with a knife, and made to 
adhere by the aid of a little grease. 

28. The Elsctrophorus. — This is the least expensive of aU 
dectric machines, and forms a useful piece of apparatus when 
we do not require electricity in great quantity. 

" :i mould filled with shellac, and a 
r with an insulating glass handle, as seen 
in fig. 12. The shellac is gener- 
ally mixed with wax, to make it 
less brittle ; but any resinous cake 
will do, if it be even and smooth 
on the surface. A round disc of 
vulcanite forms an excellent sub- 
stitute for the shellac 

The principle of action of the 
clectrophorus depends on induc- 
tion, and is easily understood. If 
= the cake be excited.say negatively, 
by striking with a catskin, it will 
t give up its electricity readily, 
because it is a bad conductor. 
Now, this negative electricity will induce positive on the 
adjacent sides of all objects round the cake, But as shellac 
a splendid dielectric or medium of induction, the power will 
almost all act through it, and so keep positive electricity ^»ff^ 
n the face of the mould next the cake, the negative beii^ 
diffused over the earth. If, now, we put on the cover, the elec- 
tricity, loath to leave the cake, will act on it by /nrf«i;//o«, rather 
than pass to it by conduction, and by induction powerfully, be- , 
cause the cover is so near. So, then, if we touch the c 
an instant, the negative induced on its upper side escapes \ bitf I 
the positive is kept bound by the cake, till we lift the hd byj 
its handle, when a sharp spark passes to the knuckle held ni 
it. By putting on the cover, touching, and then lifting il 
may get any number of sparks from the cake. Once exc 
it will keep its power for a long time, sometimes for wee 
1 months together. The mould shields it by inductigl 
rmataie at a magnet does its ma^etic charge. 
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ithin the last few years several machines have been 
inverted, all partaking more or less of this inductive principle 
of the elcctrophorus. The most important are those devised 
by Holtz of Berlin, Toepler of Riga, Mr Varley, and Sir 
W. Thomson. We have space here only for a short account 
of the most popular of these, via., that invented by the first 
named electrician. 

29. Holtz's Induction Machine. — Fig. 13 shews the 
machine invented by Holtz in 1865. It requires a little 




efectricity as capital to start with, and this is speedily accum- 
ulated on the compound interest principle till it is sufficient 
to give powerful sparks or shocks, to charge a Leyden jar, 
and to exhibit all the ordinary effects. 

It consists of two thin discs of glass, of about 20 inches 
diameter, one of which, DD', is fixed; the other, AA', movable. 
They are placed very rear together. A rapid rotation can 
be given to the movable plate by means of the multiplying 
wheels E and E'. 
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made 10 dischaj^e silently from a point, the point will be seea 1 

in the dark, crowned, with a. tuft of light, which is usually 

called the ^/oTC. The electric spark becomes much more 

emended in rarefied air, A tall glass jar, from which the air 

an be pumped out, is used to shew this. It has a brass ball 

it each end, and the electric spark passes between these by 

L pulling one end in connection with the machine, and the 

■T with the ground. The glow throughout the jar has the 

I appearance of a column of mauve-coloured flame. But the 

ur of the lum.inous discharge varies wilh the nature of 

I de metals between which it passes, and also with the nature 

r of the gaseous medium. The flickering light thus produced— 

a striking resemblance to the Aurora Borcalis. 
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ELECTROSCOPES AND ELECTROMETERS. 

33. Instruments for deitch'n^the presenceof feeble el cctriciM 
e called electroscopes ; and those for measuring \!a& deg 

present in any body are termed electrotneter. 
.dispensable in electrical inquiries. 

34. The simplest form of electroscope is the electric p 
iluni already mentioned, 

delicate, however, is what is known as the^tf/J^ 
leaf electroscope. A good form of this is 
shewn in fig. 14, Two strips of gold-leaf 
about half-an-inch broad are fixed to a 
brass rod, so as to hang insidi 
globe of about four inches diameteij 
The brass rod ends externally ii 
and is insulated with sealing-wax from tl 
brass fitting of the neck. Before the ri 
and leaves are finally fixed, the ii 
the globe is thoroughly dried, that the inj 
sulation of the leaves may be as perfect a 
possible. When so finished, this forms 4 

small amount of electricity being sufficient to make the leave 
liverge. A strong chaise would be very apt to tear thai 
Id^leaves, and it must iherefore be used with care. 
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When we wish to test the kind of electricity on a body, 
we simply bring the electroscope near the electrified body, 
and touch lis knob for an instant. By withdrawing the 
electrified body, we leave the leaves charged oppositely to 
itself, and so they diverge. To find if they are positively oi 
negatively charged, we rub a glass rod and bring it luai 
the knob i if positively, the leaves will diverge still laan 
under the induction of the glass; but if nega- 
tively, they will collapse by the negative being 
attracted to the positive of the glass rod. 

35. Of electrometers, one of the first and 
simplest is that shewn in fig. 15, and called the 
guadrani pilh eleciromelsr. It consists of a 
conducting-rod of brass or of box-wood, with a/ 
divided semicircle of cardboard attached, 
straw ending in a pithball moves about a pivot 
at the centre of the semicircle, and indicates, 
by the extent of divergence from the brass rod, 
the degree of electrification of the instrumenL 
!t is very far fi-om delicate, however, and gives 
but a rough test of electric tension. Its chief u 
on the prime conductor of a machine, 
to give an idea of its condition. 

36. Caulomb's Torsion Elccfrometer 
is a much more delicate instrument of 
this class, and one which has had a con- 
siderable effect in rendering electricity 
an accurate science. It is represented 
in the figure, and merits a short de- 
scription here (fig. 16). A light rod of 
shellac, carrying a small disc of gilt 
paper at one end, is suspended by a silk 
fibre, or fine silver wire, within a glass 
cylinder, A, and a glass tube, B, sur- 
mounting il. Thecyhnder is divided into 
degrees by a graduated strip of paper 
pasted round it \ and the position of the 
gilt disc is known by reference to 
an opening in the lid of the cylinder, a. biass ba-W. 
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of a shellac rod, caii be passed so as to be supported e 
level with the gilt disc 

Before using the instrument, we must adjust it so that, wlien I 
the fibre hangs free from twist, the gilt disc just touches f 
the ball. If this ball be electrified, it electrifies, and then I 
repels the disc, to a distance depending on the strength of i 
charge in the ball. 

Now, the principle on which its use depends is that — 
t!ie/arcf required to keep ajitu ■wire or fibre twisted through 
any number of turns and parts of a turn, is just propor- 
tional to that number of turns and parts of a turn. By 
turning the button, to which the fibre is fixed at the top 
of the tube, we can bring the disc to any distance from 
the ball that we please, say to 30°, as read off on 
cylinder. Then the number of turns and parts of a turn 
(read off by reference to a graduated ring on the top of 
the tube), added to the 30° between the ball and the disc, 
gives the whole amount of twist of the fibre from the first 
position of no twist. This force of twist is just balanced by 
the repulsion of the electricities in the ball and disc, and is 
therefore a measure of that repulsion. 

37. LoTvs of Electric Action.— ^y a great number of such 
experiments, Coulomb eslablished the following laws of elec- 
trica] attraaion and repulsion : 

(l.) The force of attraction or repulsion between unlike 
or like electricities decreases as the distance between them 
increases, and decreases at the square of the rate of increase ■ 
of the distance. Thus the force of repulsion between two 
similarly electrified piths, ( inch apart, would be reduced tc 
\ of that at 2 inches', and to 5^ at 3 inches' distance. 

(2.; ThJis iorcsAe^ei\<i5 aha on ihe product of IheintensiHts 1 
of the electricities that are acting on earh other. So that if \ 
one ball had its electricity raised to three times its first 1 
amount, and another to twice, the resulting action between 
them would be six times as strong as at first. 

38. The construction of delicate electrometers has of late 
years occupied the attention of our greatest authorities on this 

Their aim has been to render electricity a strictly 
e and mathematical science ; and the labours of Sir 
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William TTjomson and others have done more to effect 
this than any have ever done before. Sir W. Thomson 
himself invented several forms of electrometers from t: 
to time, each more accurate than the former; and now 
Qttadrant Aluminium KlectromeUr is out of sight the (r 
delicate instrument of the kind. A description of these may 
be found in the British Association Report for 1867, or in 
Professor Jenkin's recent text-hook " Electricity and Mag- 

CONDENEF.D ELECTRtClTY. 

39. There is a limit to the accumulation of electricity on any 
surface. After it has reached a certain degree of intensity 
or tension, it discharges into the air as fast as it is produced 
But if we bring another conducting surface near to the charged 
one, the latter may be much more highly electrified than 
before. This is the principle on which tlie Leyden 
pcnds, and a description of it will serve to explain the nature 
of condensed or accumulated electricity. 

40. Leyden Jar. — This is simply a wide-mouthed % 
bottle with two coatings of tinfoil, pasted one 
outside, and the other inside (fig. 17). The 
coatings reach only about four-fifths of the - 
height of the jar, and the bottom is ; 
covered inside and outside. A brass rod J J 
ending in a knob passes through a wooden XS 
plug in the mouth of the jar, and communi- g 
cates with the inside coating by a piece of B 
chain. If, now, we set such a jar on an ' 
sulated support, so that sparks can pass from " 
the prime conductor of a machine to its knob, 
a few sparks will pass, and then it seems 
charged, and will take no more. But if we hold a knuckle | 
near the outer coating, sparks will again pass freely ti 
knob ; and for every spark to the knob, a similar one ' 
passes to the knuckle from the outer coating. This continues 
for some time, till again the jar becomes fully charged o 

Kirated. So long as it remains on the insulated support, i 
may touch eifhrr the outside coating or tbft V^do, "S.'i&J 
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if one hand touch the outside, and the other be brought near 

the knob, a bright spark passes to it, and a very violent 

shock is experienced. If the same 

1^ ^ thing be done again, a feebler spark 

^*^^^t^^ and shock ensue, and then the jar is 
5^ ^ quite discharged. This experiment had 

/ \ better be made, however, with a pair 

I j of discharging tongs (fig. l8), as it is 

1 J neither pleasant nor safe to do it with 

Ck fii the body. They are simply two brass 

arras ending in balls, and movable about 
a hinge by means of glass handles. One 
ball is made to touch the outer coating, while the other is 
brought near the knob. The usual way of charging the jar 
is to ho!d it in the hand, and present its knob to the prime 
conductor of a machine. 

41, Theory of the far. — Its theoretical explanation is just a 
caseof the general principle, that the charge which a body can 
receive is greater in proportion to its facility for induction. 
Now, when tiie inner coating is positively charged from the 
machine, it acts by induction on all neighbouring matter, and 
the nearer and larger this matter is, the greater will be the 
charge it can take. If, then, the jar be uninsulated, we have 
really the surface of the earth brought within the thickness of 
the glass from the inside coating. The glass, too, which inter- 
venes is a very good dielectric, much better than air ; at the 
same time its tenacity can resist the strain ofa far higher pola-< 
risatiorof its particles than air would do. Thus we have every' 
facility for a high chaise of the interior. It would, of 
be greater, the thinner the glass ; but thin glass is easily rup- 
tured, and would be of no use. If we could have ajar of in- 
definite thinness, and yet of great strength, the charge which 
it could take would be unlimited. As this is not the case, 
other bodies round about compete, for induction, with the outer 
coaling. Ultimately, the facility of induction through the air 
on these becomes greater, and there is a limit to the charge. 
If the inside is positively charged, the outer coating is 
negatively next it, and the two are bound together by the 
aclion of the glass, which is such a good dielectric The gl 
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indeed seems to be the chief seat of the charg 
coatings seem to serve merely to distribute it ovt 
conducting glass. This is usually illustrated by having a jat 
with movable coatings. After it is charged, we may r 
each coating, handle them, put them back in their plac 
get almost as strong a discharge as ever. The secondary 
discharge, which is got by connecting the coatings after the 
first dischat^e, is ascribed to the same cause. The glass 
does not give up all its charge at once, and sometimes three 
or four subsequent discharges may be got. 

42. Ley den Jar Ballery. — For great power, large surfaces 
are necessary, A large jar would give this, but it is preferable 
to use several moderate- si zed ones, and unite them to forru 
what is called an electric battery. The jars are placed □ 
an insulated stool covered with tinfoil, and their outer coal 
ings are thus in communication. All the knobs are connecte 

I by metal rods, and so all the inner coatings act as one. I^ 

I after charging, wc connect any knob with an outer coating, 

the whole battery will be discharged, and with a force which, 

for the same degree of charge in a single jar, will be propotv 

tional to the number of jars employed. 

43. Powerof Accumulated Electricity. — The effects of con- 
densed electricity are very powerfuL If the spark be passed 

^.through a bad conductor, such as shellac, resin, or glass, it 

Finay be shivered into powder. A fine wire of metal will 

^be made red-hot, or even melted, by the discharge of ;i 

good battery. The physiological effects also are tremendous. ^ 

A single jar, of moderale size, is sufficient to give a shock 

to a whole regiment. The men have simply to join hands 

and form a ring, the first man holding a jar, and the last 

man touching its knob. All will feel the shock a 

same instant, so rapid is the rate of discharge. Ir 

the velocity of electricity, or rather of the electric 

is almost incredible. Wheatstone, by a very ingenious m 

has calculated that it can be no less than 288,000 miles \ 

second — that is, it might flash round our earth ii 

of a second. More recent experiments and calculations, how^ 

aring the velocity nearer to that of light, wh 

^190,000 miles a second. 
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44. Ordinary Ehciricity of the Atmosphere. — It is commonly 
said, when one sees a sultry cloudy sky, that the air is elec- 
trified ; yet in all kinds of weather, clear as well as cloudy, it 
is more or less electrical. The cause of this is not very well 
known, but it is usually ascribed to evaporation. Each little 
particle of moisture is borne aloft with its little charge of 
electricity begotten by the electrical earth, till the multitude 
of little drops that forms a cloud is more or less electrified as 
a whole. 

A clear sky is alvia.ys positii/efy electrical, and most strongly 
so soon after sunrise and again soon after sunset. It is 
least when the heat of the day is greatest, and also just before 

In cloudy weather, it is sometimes positively, sometimes 
negatively electrical ; and rain, snow, hail, etc., when caught 
on an electroscope, are found sometimes poslf 
negative. 

45. Thunderstorms. — In summer the usual result of a 
days' strong heat and copious evaporation is to produce ' 
masses of cloud highly charged with electricity. These are 
positive or negative, according to the state of the globe 1 
where they have been formed. When two oppositely charged j 
clouds are borne by the wind within attracting distance of I 
each other, they rush together, and their electricities t 
bine with terrific vividness ; and this is the extraordinary 
development of atmospheric electricity that we call a thunder- 
storm. If the cloud is oppositely electrified to the part of the 
earth underneath it, and if it descend sufficiently low, the 
discharge takes place between the cloud and the earth, and 
the storm is then most dangerous and awful. 

46. Lightning. — Franklin was the first to identify the light- 
ning flash with the electric spark, by his famous kite experi- 
ment. The same disruptive, burning, and luminous effects ai 
common to both, though in vastly different degrees. There are 
several kinds of flashes. 

First, there is l\iKforked-lighlniag, or zigzag line of bright 
light which may be seen darting between clouds, or from the 
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ciQuds to the earth. Often it splits up, as it approaches the 
earth, into branches several thousand feet apart. Its zigzag 
form is owing to the resistance of the air. 

Second, there is the large indefinite blaze of sheet-light- 
ning, ascribed to an electric discharge within the clouds 
themselves, which illuminates their mass for a moment. 
When it occurs at a great height or distance, no Ihunder is 
heard, and a vague flash passes across our field of view. 
Such is common in summer evenings. 

A third and less frequent form is that of ball-lightidng, 
which is perhaps rather ameteor thnn an electric phenomenon. 
It is said to occur in this way. After a violent explosion of 
lightning, a ball is seen bounding like a bomb to the earth. 
When it reaches the ground, it either splits up at once and 
disappears, or it rebounds like an elastic ball before doing so. 
It may last as long as ten seconds, and is thus very different 
from the flash, which has beett proved to last less than 
ten-thousandth of a second. It is very dangerous, and 
readily sets fire to any building in its way. 

47, Thunder. — The snap of the electric spark is heard 
grand scale in the thunder-clap, which accompanies the 
lightning. Whether it is due to the disruptive scattering of 
the air particles in the line of discharge, or to the rushing 
of air to fill up the vacuum produced, is not quite clear. Ntff 
can the prolonged rolling, the strange rising and falling of 
the peal, be properly accounted for, When the thunder 
near, it is short and sharp, ihough the same report may have 
been heard as a long roll at a distance. The echoes sent 
between the clouds and the earth may account for this rising 
and falling to some extent, but not fully. Some assign the 
cause to the iigzag path of the flash, forming a sei" 
centres of sound, not all in a line. The waves of sound may 
alternately swell into one roar, or meet and weaken each 
other. Thunder is not so loud as we are apt to fancy it. 
has never been heard more than 14 miles from the flash. 
The cannonading at Waterloo was heard at Creil, 
north of France, about 115 miles from the field. 
B' 48. Ughtning-conditctors. — Electricity, like any other forca, 
^Bvays takes the easiest route. We havft sawx ■Coax., "A 
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hold a pointed rod of melal lr> the prime conductor of aH 
machine, its electricity will be all drawn silently off to the 
ground, as fast as it is produced. In the same way, if we 
present a pointed rod near to a charged cloud, its electricity 
will pass silently and harmlessly to the earth. This i 
principle of the lightning-conductor. It is a pointed rod e 
copper or galvanised iron, reaching from 8 to 30 feet abov 
a building, and carried down to the earth, in which it is ca 
fully buried. The part above the building is called the n 
and the rest the cotuiuctor. They must be very careftdl 
constructed, otherwise their presence is the opposite of pro 
tective. It is led down two feet or so into the ground, e 
then turned away into a well or water, if possible, or else i 
a drain filled with charcoal for iz or 16 feet. In lai^ build 
ings, there are several rods aJJ connected to one coi 
conductor. In ships, there is one on each mast, leading I 
the metal of the keel. When properly made, they ai 
yond all doubt, sufficient protection from the ravages i 
lightning. 



GALVANISM. 

49. The discovery of galvanism in the end of last centuiy ws 
the beginning of a new era in the history of electrical adeno 
No results of great practical value had followed the study < 
the electricity of friction. Its nature was so capricious. , 
constant tendency to escape made it difficult to excite, an 
yet more difficult to control ; and it found a place merely i 
the laboratory of the philosopler, or among ilie curiosities ( 
the drawing-room. But therevelation of another andaneasit 
mode of producing the excitement soon drew the attention ( 
the whole scientific world. This new field of investigatio 
displayed an entirely novel class of plienomena ; and li 
short period of half a century saw marvellous and unexpecte 
results. Frictional electricitity thus became of subordinal 
importance, while galvanism or voltaic electricity became i 
highest practical interest. 
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* 50. Elementary Facli. — Galvani, an Italian professor of 
anatomy, discovered, about the year 1780, that the limbs of 
recently skinned frogs were convulsed, if near an electric 
machine, whenever he drew sparks from the prime conductor. 
Experimenting on this elearic susceptibility of frogs, he 
accidentally noticed one day a. similar convulsion trom a 
totally different cause. This was when a copper hook, stuck 
through the spine of a frog, came in contact with a piece of 
iron which was touching the muscles of the leg. The same 
action, though less energetic, took place when he connected 
the nerves of the back with the muscles of the leg by a single 
metallic conductor. Galvani identified the effect with that 
produced by the electric machine ; and, after a great number 
of experiments, he ultimately ascribed it to the flow of a vital 
electric fluid from the nerves to the muscles. One fluid he 
considered peculiar to the muscles, and the other to the 

Volta, an Italian professor of natural philosopliy, repeated 
these experiments but came to a different conclusion. As 
the action was much more violent when two metallic con- 
ductors were used, he inferred that the mere contact of the 
different metals was the exciting cause of the electric flow. 
One of tlie metals assumed the positive, and the other the 
negative electricity, and the frog's limbs but served as a sen- 
sitive connector. Such was the voltaic view. 

51, Voltds Pile. — In support of his theory, Volta devised 
manyingenious experiments, and among others was a simple 
apparatus, which excited extraordinary interest in its day. 
It is called Volta's pile, and was invented by him to shew the 
effect of a combination of metallic contacts. It consists of a 
number of pairs of round discs of copper and zinc piled 
together, as shewn in fig. 19. The copper and zinc of each 
pair were soldered together, and the zincs all faced the 
same way in the pile. Moist discs of doth were put be- 
tween each pair, merely, as Volta held, to prevent direct 
contact between the pairs, and yet be a sufficient conductor. 
The pile is insulated, and, as afterwards modified, ends in a 
copper plate above and a zinc plate below. ' By this means, 
a powerful accumulation of positive electcvdti ■«»» V»mA 
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the copper plate, and of negative at the line. When the 
la ends of the pile were connected by a wire, a strong 
and steady flow of electricity set in from 
the one side to the other. On the limbs 
of a frog, the effect was ranch more violent 
than tliat of a single pair of metallic con- 
ductors. So then, argued Volta, the mere 
contact of the copper and the zinc pro- 
duces opposite electricities in each ; for 
the more we multiply the contacts, ihe 
greater is the electrical power of the pile. 
Volta'Si theory took httle account of the 
moisture of the doth, but its importance 
was not to be overlooked. It was ob- 
served that, after a time, the line plates 
got corroded by the action of the mois- 
ture ; and, if the cloths were wetted with 
salt water, a stronger electric action re- 
sulted, as well as a faster corrosion of the 
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Suspicion fell on this very corrosion 
agent in the matter. The doctrine of 
Volta was challenged by several eminent philosophers ; and 
a theory tracing the flow of electricity to chemical action 
was set up against it. By the genius and labours of such 
men as Davy, De la Rive, Becquerel, and Faraday, a vast 
array of evidence has been brought to bear in favour of the 
chemical theory. 



But, after much wrangling 
that both sides were so far 
dissimilar metals does seem t 
condition in the two, though it 
power. For this chemical ai 
So that before 
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produce a difference of electric 

n itself be a source of 

absolutely necessary. 

galvanic current we must have 




both metallic difference and chemical action. 

52. General Idea of Galvanic Action. — If a plate of copper, 
(Sg. 20), and a plate of pure zinc, Z, are put into a vessel 
:ed with a little sulphuric acid, and they be kept 
im touching, nothing is seen, and no chemical action goes on. 
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*^But the moment they touch 
out of the liquid, bubbles 
of gas appear at the copper 
plate, and they continue to 
form till we separate thero 
again. We have the same 
result if we connect the 
plates, not directly, but by 
wires fastened to the plates. 
All that is visible is the pro- 
duction of the gas bubbles ; 
but a hidden and most 

going on along the wire, and 
indeed, through the whole 
arrangement. For if we 
bring the connecting wire 
near a magnetic needle, 
the latter instantly recog- 
nises its presence and turns 
aside from its north and south position. Or if we break the 
wire and put the two ends on the tongue, we perceive a 
saltish taste, which continues until we lift one of the plates 
out ol the acid water. 

On bteakiiig the connecting wire, we may find by a 
delicate electroscope that the two ends have feeble charges 
of opposite electricities, the wire leading from the copper 
having positive. There the electricities remain shut up, and 
the chemical action suspended, till we bring the ends together. 
Then the opposite electricities combine and neutralise each 
other ; and the whole, plates and wires, become discharged 
or reduced to electric rest. But only for the instant; the 
action of the acid water sends a fresh supply of opposite 
electricities to eadi plate. So there is an incessant produc- 
tion and combination of the two electricities. 

This constant succession of electric discharges is called a 
current, and it is said Xafiaw in a circuit through the liquid, 
plates, and wire. If the circuit be anywhtrt broken, as by 
cutting the wire or lifting one plile out ot \lie\\'^ii'CBfc jUno 
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of electricity instantly ceases. But the ends of the circuit, 
where the break is, become charged with opposite electri- 
cities ; and the excitement is then said to pass from the 
dynamic, or motive state, to the static, or reposing state. 

53. Theory of Action of a Galvanic Couple. — On collecting 
some of the gas, which is seen to form at tlie copper plate, 
we find it to be hydrogen. Why it should appear there, and 
not at the zinc, we shall now explain. When the plates of a 
galvanic pair are put in acidulated water, they instantly assume 
opposite electrical stales, the linc taking the posirive, and the 
copper the negative state. Between these two plates we have 
also, in the molecules of the liquid, a series of movable hetero- 
geneous couples ; for each molecule of water 
hydrogen molecule bound by chemical 
oxygen one. Now zinc and copper have each an affinity 
for oxygen, but zinc far more than copper. When a plate Ofi 
each is put into acid water, then, we have this result 
each line of molecules. The zinc plate turns the oxygen 
of the first molecule to itself, and weakens its attraction 
its hydrogen fellow. The latter turns its spare strength 
attract the oxygen of the nest molecule, and so on, till ulti- 
mately the positive hydrogen is presented to the copper, far 
which it has no liking. In this way, then, we see the action 
of the acid water on the zinc,or the chemical affinity between 
the two, is a force urging all the particles of the liquid to set 
in a certain direction. In like manner, the chemical affinity 
of the copper for the oxygen tends to set the particles all in 
an opposite direction. 

The difierence between these two forces constitutes what 
is called the electro-motive force of the couple. Had we 
taken a plate of silver with the plate of zinc, the resulting 
electro-motive force would have been still greater, because 
silver has less affinity for oxygen than copper has. But had 
we taken two plates of zinc, or two of copper, we should have 
been setting two equal forces against each other, and the 
electro-motive force would be nil. As a general rule, 4he 
electro-motive force is greater the greater the difference of 
tie metals in their linbility to be acted on by the liquid. 

The face of the tine, then, has positive, and the face of the 
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Tiiegatii'e dectricity; and the farther ends of each wire 
attached to the plates will have an opposite electricity to that 
on their faces. That is to say, tlic end ot the wire from the 
copper will have positive, and tlie end of the wire from the 
zinc negative electricity. 

When, now, we bring the ends of the two wires together, 
the positive electricity in the end of the copper wire tends ti> 
unite with the negative at the end of the zinc wire. Yet so 
feeble is the degree of polarity, or so weak is the tension of 
each electricity, that ihey are unable to unite unless there be 
absolute contact. When there is this, the two combine, and 
an instantaneous electric discharge is set up along the whole 
polarised course. The linc can now unite with the oxygen 
molecule next it ; the hydrogen molecule set free unites with 
the oxygen of the next molecule to re-form water; and so the 
hydrogen and oxygen molecules pair off, till next the face of 
the copper is left an unmatched one of hydrogen. Having no 
affinity for copper, the hydrogen escapes in its natural form 
of gas. There is thus, with such a galvanic couple, an 
incessant union of oxygen with the zinc plate to form zinc 
oxide, and a setting free of hydrogen at the copper. 

For the sakeof simplicity, we have here supposed the liquid 
to be pure water. But this would only give a very feeble 
current, for the oxide of zinc, being a bad conductor, would 
stick to the surface of the plate and stop the action. A little 
sulphuric acid added to the water serves to dissolve this zinc 
oxide, and keep the surface of the plate clean and ready for 
action. Theoretically, the action is the same as before. The 
liquid may be regarded as composed of two molecules, one of 
hydrogen, and one of sulphten, formed by the union of the 
sulphuric acid with the oxygen of the water. This sulphion 
molecule behaves exactly as the oxygen did ; it unites with 
the zinc to form sulphate of zinc, and hydrogen escapes at 
the copper plate. 

54. EUctro-chemkal Order of the Elements.— 'VJeh.a.vc}\m 
seen that zinc takes positive, and copper negative electricity, 
when they form a galvanic pair, simply because zinc is the 
more oxidisable of the two. If we form a pair with copper 
and gold plates, we find the copper plate w tvci^ 'Cwf^iwws^ 
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one, and the gold the negative, because gold is even less 
oxidisable than copper. The plate which is more oxidisable, 
or more readily acted on by the liquid, always becomes posi- 
tive, and is therefore said to be electro-positive to any less 
oxidisable metal. Knowing the relative degree of oxidability 
of any two metals, we can at once tell how they would act as 
a galvanic pair. The direction of the current is defined as 
being from the positive plate to the negative within the liquid, 
and from the negative to the positive without Therefore, 
we have a general rule that, if we form a galvanic couple 
with any two metals and a dilute acid, the current will flow 
outside the liquid, or in the communicating wire, fro. 
metal wkich is least acted on by the acid to the other. 

In the following list, the more common elements i 
arranged in order of their oxidability, or in electro-chem 
order : Potassium, sodium, manganese, sine, iron, lead, i 
bismuth, copper, silver, mercury, platinum, gold, J^drva 
carbon^ phosphorus, chlorine, nitrogen, sulphur, oxygen. 

From this we know at once that a linc-carbon pair ■* 
give a current flowing, within the liquid, froi 
ton. It follows, from what has been said, that the elect 
motive power of any combination will be greater the far " 
apart they are in this list. For example, a iinc-platini 
\ will be more powerful than a zinc-copper one. 

But this is the electro-chemical order only for dilute ac| 

s the exciting liquid. With other liquids, we may n 

I the order. In a solution of common salt, iron is positiveJ 

I copper negative; while in ammonia (or hartshorn), iroaj 

negative to copper positive. For all dilute acids, however,a 

[ order is exactly the same, and such as we have given it a" 

SS- Galvanic Choice of Corrosion.— \\ is a curious 

that if two metals be placed in contact, in an acid which A 

e which is more oxidisable will-] 

c pair, the zinc only Is eaten a 

t on the copper if no zinc were _ 

t of salt) acts readilyS 

inc. If, then, a piecf 



1 both, only the o 
, attacked. In tUe galvai 
though the acid would a 

t. Hydrochloric acid {or s 
1, but much more readily o 



n be put in the acid, and made to touch, the ^ 
11 be all dissolved belore the iron begin to be ci 
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Another illustration of the same fact is seen in the action 
of sulphuric add an zinc itself. If the dnc of a galvanic pair 
be pure, the acid scarcely acts on it at all until the circuit is 
complete ; but if it be impure, then, as soon as it enters the 
acid, there is a strong effervescence. The reason is, that the 
other metal particles, such as lead, carbon, iron, etc., present 
in the line, form with it just so many closed galvanic circuits, 
and the linc wastes rapidly away. This local action, as it is 
technically called, causes not only a useless waste of line, but 
also a serious enfeebling of the current. Pure linc would be 
far too expensive to use for galvanic purposes ; but happily 
it is found that atnalgatnating the plate, or rubbing some 
mercury over its surface, renders the ordinary commercial 
article as good as the pure linc for the purpose. 

56. Comparison of Voltaic and Frictional Electricity.— 
Although tiie electricity of galvanism is undoubtedly the same 
natural agency as that of the machine, there is a marked 
difference between the two, of which it is important to have 
a clear conception, 

TTie difference is expressed by saying that, in the voltaic 
current, we have a large amount or quantify of very feeble 
electricity ; while, in the electricity of friction, we \ascgreal 
intensity or tcti^on, but no great quantity. 

A very good illustration of the distinction between intensity 
or tension and quantity is lurnished by the allied excitement 
of heat. The temperature of a body may be called its heat- 
tension, and has very little reference to the abioliile quantity 
of heal-molion or excitement possessed by the body. A red- 
hot poker, for example, has heat ofa very high tension, though 
the quantity is very much less than that of a warm-water 
bath. And the difference between the properties of voltaic 
and frictional electricity Is not perhaps greater than between 
the properties which belong to heat of weak and of strong 
intensity. A small wire, made red-hot, will suffice to burn 
the finger or explode gunpowder, though an infinite quantity 
of heat applied at low tension has no such effect. 

The electricity of friction is in tlie static or reposing state, 
stored up ready to burst forth in a short sharp rush ; the gal- 
vanic action is a steady torrent of the electric &%«:M.^TL'n&'Crao» 
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I better suited for doing work in its passage than the fomwft 

odem language the former \s potenUal or possible electri 
Icnergy, the latter kinetic or actual moving energy. 
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BATTERIES. 

57- A Bal/ery.~When a number of galvanic pairs, such 
we have described, are put together, so that the currents 
by each shall all unite and flow in Che same direction, 
form a galvanic battery. The copper plate of each cell (fig, si 
is connected, by a strip of copper, with the xinc of the 
so that we have a zinc plaie left alone at one end, and s 
per at the other. These are called the poles or electrodes ■ 
the battery, and the circuit is completed by joining the polf 
with a wire or conductor. The group thus acts exactly 
compound galvanic couple, the copper plate being the positiv 
pole, and the zinc the negative; and the electro-motive ford 
of the arrangement, or its power to push on the electric wa 
is just as many times greater than that of a single cell, 
Oiere are cells so linked together. In the connecting wire, 
Knd in all the parts of the circuit out of the liquid, the direc- 
tion of the current is from the copper to the zit. 
case of a single cell. 

58. Requisites of a good Battery. — The objects Co be attained 
in a battery are chiefly two : first, that the strength of rh^ 
battery, and, therefore, the electro-motive power of each ceU 
should be as great as possible ; and second, that the battf 
should be able to keep up steadily, and for a long time, 
original strength. The first condition must be provided I 
by selecting metnis widely apart in the electro-chemical li; 
and by avoiding local action. As to the second condition, i 
is not such an easy matter to secure a b.ittery uniform in 
action. Several causes operate to impair its strength 
course of time. The acid gets weak, and must be strensdn 
en ed from time to lime. Another injurious influence 
work when the plates are placed in a single liquid, 
face each other directly. This isa tendency of particles of Cfti 
one plate to pass to the other, and so to reduce thai different 

thesurfaceswhichis essential to the action. In 
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line couple, for example, the dissolved sulphate of zinc forms 
a deposit on the copper plate, while some of the copper also 
passes to the zinc ( so that in course of time the two stu^aces 
became almost alike, and the current almost nothing. This 
is a grievous fault, but, as we shall see, it can be prevented 
by placing a porous partition "between the plates. It gets 
soaked with the liquid, and so allows communication to pass ; 
yet it is dose enough to prevent the exchange of metallic 
particles. 

Besides these, there is another very serious cause of weak- 
ening, which requires special provision. It is known as 
polarhatioH of the plates. In all batteries wliere hydrogen 
is set free at the negative plate, there is a tendency of the 
hydrogen bubbles to adhere to the plate, and a rapid fall in 
strength of current is the result. The hydrogen not only 
forms a non-conducting layer over the surface of the plate, 
but, what is worse, gives rise to a counter or a secondary 
current. This hydrogen deposit is prevented by using two 
liquids in place of one. Both must be conducting, and 
must have some means of keeping them from mixing. The 
liquid in which the iinafftcled or negative element {•immeneA, 
must be of such a nature that the liberated hydrogen can 
chemically on it, and thus be absorbed as fast as il 
formed. 



FORMS OF BATTERIES. 

59. Cntickshank's Trough Battery'<ns.% the first improvement 
on Volta's pile, of which it is but another form. Pairs of 
copper and line plates, soldered together, are fixed in a 
wooden trough, coaled with som.e insulating varnish, so as to 
form a series of water-tight divisions or cells in the trough 
TTie cells are filled with dilute acid, and correspond exactly to 
Volta's cloth discs. The defects of assimilation and of polar- 
isation of the plates, described above, combine to make this 
battery unsatisfactory. 

60. Wollasteiis Battery is shewn in fig, 21, and is ai 
improvement on the last. Tlie copper plate is bent up so a 
10 face the zinc on each side. This clearly brings Pniot ^jt 
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much zinc surface into action, and so doubles the quanlilyg^ 
electricity which each cell will give. Each couple is immer 




in a separate trough, to insure insulation. The lin^ 

~ is connected lo the copper of the next by a strip of 
copper soldered to each ; and the whole may be raised out 
of the cells, when not in action, by means of the wooden rod 
supporting them, 

6i. Smec's Battery is, in general, similar to the former ; 
only, in place of a copper, there is a thin silver plate, which 
is more electro-negative, and gives, therefore, greater current 
power. The positions of the plates are also reversed, to save 
silver, there being a zinc on each side of the silver, and kept 
from touching it by strips of wood or cork. The zinc plates 
are bound together by a couphng, to which the connection 
from the next silver is fixed. Polarisation of plates is 
lessened by covering the surface of the silver with finely- 
divided platinum. 

62. Daniell's ^o//^»7, invented in 1826, was one of the first, 
and is still one of the best arrangements for constancy. U 
is a Hnc and copper combination, the copper being in the 
shape of a jar, and serving as the outer dish of the cell. 

Fig, 22 represents a Danieli's cell. The zinc, z, is formed 
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into a. rod, and is placed inside a piorous jar, 
porcelain or earthenware, which again stands 
inside the copper cylinder, c. In the porous 
dish, dilute sulphuric acid (one part acid lo 
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As a conducting and absorbent liquid, be- 
tween the parous vessel and the copper, 
is put a strong solution of the blue cr>stals 
known as sulphate of copper or blue ■uiliioi. 
Let us have a clear idea of the action of this 
sulphate of copper solution. It is a beauti- 
ful arrangement. 

Sulphate of copper Is what is formed when 
sulphuric acid acts on copper; and chemistry » 
informs us that, in the process, a molecule of T 
copper expels and takes the place of the 
molecule of hydrogen which is present in Fie- ==- 

each molecule of sulphuric acid, in ordinary circumstances, 
the affinity of the copper for the other elements of the sul- 
phuric acid is greater than the affinity of the hydrogen far 
them. But when any gas is being set free from a previous 
combination, its nascent or new-hom state is a most highly 
active one. Thus, the hydrogen which is being liberated, 
at the copper plate, from the water of the solution, is able 
lo displace tlie copper in it, and return to the bosom of 
the sulphur and oxygen molecules to re-form sulphuric acid. 
TTie copper, deposed from its place, is thrown on the copper 
dish, and instead of hindering the action, as the hydrogen 
would do, keeps the surface bright with metallic copper, and 
so constantly fit for service. 

The action of the battery is therefore to form sulphate of 
zinc in the porous dish, and to consume sulphate of copper 
in the outer. We must keep the solution saturated with 
sulphate of copper ; and for this purpose we may put si 
crystals of the salt at the bottom of the cell, or on a small 
shelf of copper gauie near the top of the copper vessel. 

63. Grove's Battery has a greater electro-motive power 
than any we have described, the plates being plai 
line; but it is inferior in constancy to DatiicUS. ^vt-i.Ti 



sfaewsas ^Kdlest fanned a (koTc^cdL As in Daniell's, we 
Itt*e a poroos dtdi, A but codtunu^, in das case, cfae platinum 
{dale, f, iriiid] is best into dke S tana seen in fig. 24, to 
increase 'as smbce. Ontsde oT J is the TDDed-nnc plate, s, 
standing in a glass, f. The liqaids used are dilute sulphuric 
add in the outer dish, and Strang nitric add in the inner. 
When the poles are joined, zinc salivate ftffins in the outer 
veasd, and an anbeahli; gas {Tapoor of Iq^nitric add) at 




Fig. .» r«. ^ 

the plaiiiiuin plate, whidi must be kept from escaping by 
plugging the mouth of the porous dish. The nitric add 
absorbs the hydrogen, and prevents polarisation of the plate, 
riatinum Is about four times the cost of silver, and that is 
the only objection to the battery. But it has the advantage 
of KfC^t power, and is very eas-y to manage ; and the plati- 
num does not gel useless, as other negative plates do, by the 

Iron, it is found, may be used for the platinum, with 

iilmost equal effect. Only, care must be taken to keep the 

nitric acid eottcenfrated, as it is only then that it does not 

nttack iron. 

64. Humeral Bailery was invented in 1843, and is most 

^FipOwerful. It differs, in principle, from Grave's only in the 

^^^Hte of a carben or charcoal electrode for a platinum one. In 



GALVANIC BATTERIES. 



S3 




the original form, as devised by Bunsen, the carbon v, 
the shape of a jar, and the 
porous dish with its zinc stood 
inside it. But the modified 
form, most common in this 
country^, Is shewn in fis; 25 
The carbon exactly takes the 
place of the platinum m 
Grove's element, and a great 
er quantity of electricity is 
obtained from the larger 
surface, Bunsen's is 
energetic of all the 
batteries, and is almost uni 
vers ally employed on theCon 
tineni. But it requires \ery 
careful preparation, and ex- 
treme care in making the carbon 

A recent improvement {by Faure) is to make the carbon 
in the form of a bottle, so as to serve at once for the porous 
dish and the negative element. It is provided with a carbon 
or platinum stopper, to which the connection is fastened, 
and which prevents the escape of the fumes, In power 
Faure's element is said to be superior to either Bunsen's 

65. Recent Forms of Batttty Cells.—Thc extensive use of 
the telegraph within the last few years has rendered the 
possession of a simple and cheap battery of good power very 
desirable. Many forms of cells have accordingly been sug- 
gested, and adopted with more or less success. We have 
here space to notice only those most favourably received. 

66. The Daniell Trough has been adopted by the Post- 
office, and it is said to be a good and economical battery. A 
wooden trough is divided into cells by glass plates, or var- 
nished slate slabs. These are again subdivided by slabs of 
porous earthenware. Casl-iinc plates and dilute acid go 
to one division, while copper and its sulphi 
other. This action is, of course, identical with that of a. 
Daniell, 



I 



K 



U GALVANISM. 

67. The Density Battery of Callaud is derived from 
Daniell's principle. Here the porous cell is dispensed with, J 
and the two liquids are kept apart merely by Iheir difference I 
of density or weight. The copper plate is placed e 
bottom of the cell among crystals of blue vitriol. A copperfl 
wire soldered to it, and protected by gutta-percha, passes upfl 
through the liquid to join the next line. Over ihe crystalsB 
of copper-sulphate is poured a weak solution of sulphate o 
line, in which the zinc plate is suspended so as not to reach:] 
the copper solution. The zinc-sulphate solution is lighter 
than the other liquid, and so floats on it without mixing. 
is said to be very effective, and to give a 
for months. 

68. The Minotto Battery, somewhat like the former, hasi 
also come into telegraphic use. Coarsely powdered crystalS'V 
of copper-sulphate are placed at the bottom of the cell, thai 
copper plate being under the crystals. A layer of clean sand I 
(or even sawdust) is put over the crystals, with a piece afj 
doth or porous paper between, to prevent mixture. 

The cell is fixed with acid water, and a plate of u 
gamated zinc laid on the sand, or hung perpendicular t( 
face of the copper plate, 

69. The Marii-D<rvy or SulfihaU of Mercury Battery is 
BuQsen battery with another liquid in place of nitric add in 1 ' 
porous dish. This is a solution, or paste rather, of the whitefl 
crystalline bisulphate of mercury. Sulphate of zinc is, ofl 
course, formed in the outer jar, while metallic mercury i»fl 
deposited on the carbon, and, from its weight, falls t 
bottom of the jar. Any sulphate of mercury passing through J 
the porous dish will do no harm, as it will only amalgamaW j 
the zinc. The arrangement is powerful and ingenious, but itf 
is rather expensive, A battery of eight cells gives as strong a J 
current as twelve of Daniell's, but, with steady action, it falls^ 
much more rapidly than Daniell's. For interrupted worl^J 
such as telegraphy or ringing of bells, it is better suited, anct j 
will serve for three or four months, 

70. The Ledanchi Battery is the last we shall mentioti,J 
of the most recent, and perhaps one of the i 

iccessfuL It is a dnc-carbon combination. The carbc 
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"Or negative plate is put in a porous jar, tilled with a mixture 
of gas-coke or carbon, and the black dioxide of manganese. 
Both the carbon and manganese have first to be broken and 
sifted free from dust. For the linc liquid there is a solution 
of common sal-ammoniac {or chloride of ammonium). 
Chloride of zinc is formed in the zinc dish, and this is soluble 
in the sal-ammoniac solution. In the other jar, the dioxide 
of manganese is reduced to a lower oxide, and aimnonia is 
formed in small quantities. This cell has great electro- 
motive power, ten of it being as powerful as sixteen Daniells, 
and it i5 thus specially suited for long lines of telegraph. It 
requires very little attention, and the zinc and chemicals need 
renewing only about once a year. 



OR MEASUREMENT OF CURRENTS. 

71. CErsUd's Discovery. —^^ shall now explain bowwe 
can detect this invisible galvanic flow, and how we can 
measure it and say that one current is stronger than another. 
fErsted, a professor at Copenhagen, discovered in 1819, that 
if a wire be brought directly over a magnetic needle and 
a current be sent along the wire, the needle will instantly 
turn aside from its north and south position. The amount 
of the deflection is a measure of the strength of the current, 
though it is not proportional to it. Also the side to wliich 
the needle swings defines the direction of the current, 
according to the following very simple rule (known as 
Ampere's rule) : A person supposed to be swimming- •with I 
the current in the wire, and having his /ace to the needle^ I 
sees its north pole turn to his left. This always supposes the \ 
current-wire to Ue b the magnetic meridian. 

From this rule, it is obvious that a current passing aiovt 
a needle turns it to the same hand as an opposite current 
does beneath the needle. But by doubling a conducting 
wire, so as to be first over and then under the needle, we 
have clearly the same result, One current will act twice 00 
the needle, and each time to turn it to the same side. So, 
by bending the wire round and round the needle, and keep- 
ing the different turns separate, we ta-ii. troJv'a^-j 'Odr,%B*ml«A. 
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the same current to any desired degree, This, tlicD, is the 

principle of the galvanometer multiplier, oi galvanometer, 
the instrument by means of which we detect the presence of a 
current and form an idea of its strength. There are three 
forms of it on this principle, 

72. The Simple Galvanometer consists of a magnetic 
needle poised or suspended dehcately over a graduated card, 
and placed within a coil of insulated copper wire, so that its 
oscillations can be seen. Wire is insulated by being covered 
with gutta-percha, or by bein.g overspun with cotton, or, far 
better, silk. This is found to be quite sufficient to prevent 
the low tension electricity of the current passing from one 
turn of the wire to another, 

73. The Astatic Galvanometer is the form most commonly 
used for detecting very feeble currents. In place of a single 
magnetic needle, an rtj/aftV^o/V is employed. An astatic pair 
of magnetic needles is simply a pair of similar needles, widi j 
their poles tiumed opposite ways, and stiffly connected a 
their centres, so that both will swing together. The a 
tends always to turn in an opposite direction to 
under the earth's magnetic attraction. If, therefore, t 
were perfectly alike, we should have a perfectly a 
pair, or pair without set; that is, they would remain i 
differendy in any position, neutral to the direction of t! 
earth's axis. But in practice we never have this 
neutrality. 

The figure (fig. 26) shews how the astatic pair 

to form an astatic galvanai 
meter. One needle s 
within, and the other w 
the coil, and we have thus \ 
double improvement c 

single needle. First, 

p- jg_ magnetic force keeping t 

needle in its north and send) j 
s very small ; only the difference of magneti 
[ lie needles. Second, the current acts again on the o 
^needle, turning it to the same hand as the inside o 
Mper^s rait at once shews. By such an arrangemeE 




The whole is protected by a 
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I extraordinary delicacy may be 
obtained. Fig. 27 shews the usual form which is given to 
the instrument. 

Round a bobbin, AB, of ivory is wound a coil of fine, sili- 
covered copper wire. The number of turns and thickness of 
wire depend on the use we are to put the galvanometer to. 
About six hundred or eight hundred suffice for all ordinary 
purposes, but for some delicate experiments as many as thirty 
thousand turns have been made. A slit is usually left in the 
coil, to admit the lower needle ; and the upper needle 
over a graduated circu'ar 1 
glass cover from the dis- 
turbance of the air, and 
rests on a stand supported 
by three screws, for level- 
ling the instrument, that 
the needles may hang 
free. When used, the 
bobbin is turned round 
by the screw, Q, until the 
needle stands at the :<ero- 
point ; and the wires 
through which the cur- 

the binding screws, s, s", 
which communicate with 
the ends of the bobbin 
wire. The number of ' 
degrees that the needle 
deflects may then be read 
off, and this gives an idea 

of the strength of the current. It is to be observed, however, 
that twice as great a deflection does not shew twice as strong 
a current, because for different angles of deflection the coil 
is differently situated towards the needle. Still, 1 
that a greater deflection indicates a stronger cu 
for about 20° on each side of the iero, the strength may be 
taken as proportional to the angle of deviation. 
74. The third form of galvanom&tet tcniwjXvti 
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the Differential GalvanomeUr. It is used for comparing the 
strenglb of two currents, and is a simple modification of the 
lasi. 

75. These three are, however, rather galvanoscopes, cur- 
rent detectors than current measurers. For estimating 
strength, the Tangent and Sine Galvanometers are of more 
ready and practical use ; but we have not space to describe 

The Reflecting Galvanometer of Sir William Thomson is 
by far the most delicate of all such instruments. It was 
invented by him in connection with the Atlantic Telegraph, 
and belongs rather to the subject of Submarine Telegraphy. 

76. Current Strength and Current Resistance. — The 
strength of current given by a battery or cell does not 
depend alone on the electro-motive force of the battery or 
cell. We estimate the strength or electro-motive force of a 
battery by the amount oi statical charge in its poles ; that is, 
by the amount of attraction or repulsion they can produce. 
Thus the strength of a battery may be defined as its power 
to propagate electricity or push forward the polarisation 
against resistance. 

Now in certain circumstances the current given by one cell 
may be as strong as that given by a hundred of the same 
cell joined together as a battery. It all depends on the 
nature of the route the current has to traverse. Bodies 
dilTer to an almost incredible degree in the resistance they 
offer to the passage of a current. And part of the power 
of the current is spent in overcoming this resistance, and 
disappears as heal. Thus the current is weakened in the 
same degree as it is resisted, and the strength of current 
given by a hundred cells will be no greater than that 
given by a single one, if the resistance in the former case 
be a hundred times greater than in the latter. In the 
former case the single cell would most likely be utterly 
unable to push its charge along the course, and its current 
would therefore be interrupted. 

77. For telegraphy and other applications of galvanism, 
the determinadon of the relative resistmg powers of metals 
it a matter afgreai importance. BuLit.iaatna.tteTaf extreme 
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difficulty, for purity of metal and even temperature have 
a great effect on iL Thus Jth per cent, of iron present in 
copper will increase its resistance lo the current by as much 
as 25 per cent. Silver offers the least resistance of all our 
conductors, and copper the next smallest. The other metals 
follow in this order — gold, zinc, platinum, iron, tin, lead, 
mercury. Between silver and mercury there is a wide differ- 
ence in resisting power ; mercury offers fully sixty times the 
resistance of silver. But between the metals and liquids 
there is a yet wider difference. For if copper offer a resist- 
ance of I, then dilute acid offers a resistance of 1 million ; a 
solution of copper- sulphate, of 17 millions ; and pure water 
has the almost incredible resistance of 6700 million times that 
of copper. 

The law which the resistance of wires has been found to 
foEow is, that it is greater the greater the length of the wire, 
and less the greater its area of cross section. Or, in more 
precise language, the resistance is praparlional directly to thi 
length of a wire, and inversely to the area of cross section or 
square of its diameter. Thus, we should have as strong a 
signal by a telegraph wire |^ inch diameter, and nine miles 
long, as by a wire \ inch diameter, and only one mile long. 

^b EFFECTS OF THE GALVANIC CURRENT. 

^^^8. These may be classified as mechanical, magnetical, 
physiological, healing, luminous, and chemical. 

The first two classes of effects will be described under the 
distinct head of Electro-magnetism. We have seen that the 
physiological were the first observed effects of the current. 
They will be mote particularly noticed under Animal Elec- 
tricity, to which Galvani's experiment properly belongs. It 
is remarkable that when the current passes through the 
human body, nothing is felt except at tlie beginning and end 
of the current flow. It is the sudden change of tension that 
affects the nerves ; and this is the reason why the frictional 
shock is more painful than the galvanic. A battery of fifty 
Bunsen cells may be handled with hitle inconvenience. 
Only this is so fkr owing to the u\»i\ax.wg -na.'i.'ai^ ii\ '^^ 



1 
I 



6o 

skin, if we wet our liands with salt water, the effect is 
greatly increased ; and a very -weak current will lae felt if we 
let it enter by a cut in the skin. 

The senses may be readily affected by the current, especi- 
ally those of taste and sight. If we put a half-crown under, 
and a piece of linc above the tongue, a peculiar salt taste is 
perceived whenever we make them touch. When the pieces 
are put between the gums and the cheeks, a flash of light is 
seen each time they are joined. The nerves of hearing are 
not so quick, but with the poles of a battery of thirty cells 
inserted in the ears, it is said that a continuous noise is heard. 

79. Heating Effects< — When a current passes through a 
thin wire, the wire becomes heated, more or less according 
to the strength of the current and the resistance of the wire. 
A fine steel wire, which offers great resistance, may be made 
white-hot, melted, or dissipated into vapour. Even platinum, 
which cannot be fused by the heat of a furnace, may be 
melted and volatilised by a battery of thirty to forty Bunsens. 

A useful application of the heating power of the current 
has been made to the firing of gunpowder. If the wires 
from a battery communicate with a fine steel wire em- 
bedded among gunpowder, the passage of a current will 
heat the steel red-hot, and produce an explosion in a 
moment. TTiis principle has been employed with great 
success in the construction of cartridges fur use in blasting 
operations, and they have become very < 
of their safely and certainty of working. 

80. Luminous Effects. — When the wires from a powerfiil 
battery are brought near to each other, no current passes till 
they touch. On separating them, a bright spark passes, due, 
as we shall afterwards see, to induction. Nor does the cur- 
rent cease after a small separation. It forces its way across 
the short interval of air, producing a brilliant hght, and a 
heat so intense as lo melt the most infusible metals. The 
ends of the wires will therefore be burned away, and we must 
seek for some move infusible conductor, in order that the cur- 

d the light may continue. This is found in the various 

kinds of carbon, such as charcoal, coke, etc. By far the best 

of carbon for this purpose is the charcoal deposited in 
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the retorts of gas-works. TTie carbon is formed into pointed 
sticks or pencils, to fit two metal-holders such as are shewn 
in fig. 2S. They can be adjusted to any distance by siiding- 
rods, to which they are fixed, and which communicate with 




Fig. >8L 

the wires of the battery. When the current is on, and the 
points separated by one-tenth of an inch or so, a most 
dazzling light is produced, rivalling that of the sun in purity 
and splendour. It is too bright for the eye to examine it ; 
but an image of the points can be cast on a screen, and then 
there will be seen, as in the figure, an arch of flame between 
the points. This arch of fiame, or the voltaic arc of the elec- 
tric hght, is composed of white-hot particles of charcoal flying 
from the one pole to the other. The positive pole gradually 
gets hollow, while the negative remains pointed, apparently 
by the addition of matter. 

The heat of the voltaic arch is the most intense that can 
be artificially produced. Platinum melts in it like wax in the 
flame of a candle. Quartz, lime, and magnesia are fiised by 
it ; and the diamond itself is not only fused, but reduced to 
a black mass like coke. 

As the carbon points waste away, and the positive much 
more rapidly than the negative, some arrangement is neces- 
sary to keep the points at such a distance that the current 
can pass, and so the light continue. This is the object of 
the electric lamp. Various forms of it have been invented. 
One of the most celebrated -was made by Foucault and 
Duboscq, and is a beautiful clockwork contrivance. But 
simpler contrivances have since been adopted. 

Attempts have been made to use the electric light for street 
illumination in cities, but the great care at\d ccia.^eaji\Ti;&.tei 
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lis production and regulation throws it out of competition 
with coal-gas. It is, moreover, rather two dazzling a light 
for such a purpose, as it contrasts too painfully the extrtimea 
of light and shadow. But it has been used with exceUent 
effect where a limited space had to be lit up for a few nights, 
as in the construction of bridges across rivers and the Uke. 

For lighthouses it is specially suited, and has been success- 
fully adopted in many of them. That at Dungcness has been 
lit up with it since 1862 ; and that at La Heve, near Havre, 
since 1863. It is decidedl)' superior to oil-lamps in such 
cases, as its illuminating power is very great, and remarkabiy 
penetrating in hazy weather. 

81, C/iemimI Efecis.— When a current passes through a 
P liquid, composed of two or more simple elements, there is in 
kgeneral a separation of the elements or a decomposition of 
L the liquid. Electrolysis is the name given to this decomposi- 
ftion, tiie liquid so broken up being called the elictrolyte. 

The analysis of water by the current may be taken as the 
type of electrolytic action, and 
I very simple method of shewing 




this 



ig. 29. 



Two slips of platinum are sold- 
ered to two copper wires, which 
are passed through a cork at the 
bottom of a glass basin. The 
basin is filled with water, slightly 
acid to make it conducting, 
when the platinum plates are 
nected with the wires from a 
tery, the liquid is polarised, ox 
going to the positive plate, 
hydrogen to the negative. 1 
current be strong enough, Iht 
elements will he separated f 
the liquid, and as platinum c 
bines withneii her, each will b' 



I :niay easily be collected separately by filling t 



jglas 



tnd inverting them over the [date^ 
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Doing this, we find that the hydrogen is produced in twice 
the quantity of the oicygen, and learn the important fact, 
that elements are decomposed by electrolysis in the very same 
proportion as they an united in the compound, for water, 
we know, has two atoms of hydrogen for each of a-iyseTi. 

82. Faraday called the two poles at which the elements 
appear, the electrodes, that is, electric ways, the positive pole 
being called by him also the anode (or up way), and the neg- 
ative, the cathode (or down way). The element that goes to 
the anode he called the anion (or up-going one), and that to 
the cathode, the cation (or down-going one). In the case of 
water, oxygen is the anion or electro-negative element, and 
hydrogen the cation or electro- positive one. 

It is to be noted that a singh cell can never decompose 
water, or any electrolyte ; at least two are required to over- 
come the polarisation of the plates or counter-current which 
the anion and cation tend to set up. The greater the strength 
of the current, the more rapidly are the elements liberated ; 
and the quantity of gas given off corresponds exactly to the 

83. Faraday's Voltameter is the practical use of this for 
current measurement, and its value is that it gives us a um/orm 
standard for comparison of currants. The gases are collected 
either together in a single tube, or each in a separate one ; 
the tubes are graduated, and the number of cubic inches of 
gas which a current gives in a certain time, say a minute, is 
an exact measure of its power. 

84. Any other substances, if in a liquid state, composed 
of two elements, a metal and a non-metal, can be broken up 
by the current exactly like water. The metal always corre- 
sponds to the hydrogen, and goes to the negative pole. 

in tl\e electrolysis of a solution of a salt, such as copper- 
sulphate, we have an interesting case. If two platinum poles 
are put in a solution of this, pure metallic copper is deposited 
on the negative pole, and free sulphuric acid and oxygen 
appear at the positive i and layer after layer of fine copper- 
dust will ijc showered on the negative plate, so long as the 
sulphate of copper lasts. In the same way with a solution 
of nitrate of silver, pure metallic silvct vtilL Vife ieijasa.'eSi ao 
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: pole, and acid and oxygen on the other, 
n metals, gold, silver, platinum, copper, zinc 
can be deposited in this manner. 

85. EUctro-metallurgy is the practical application of this 
power of the galvanic current to precipitate a metallic layer 
on any surface which forms a negative electrode of a battery 
or cell. It is divided into two sections — tleciro-typing, where 
the coating of metal must be firm, and has to be removed 
fiom the surface, and electro-plating, when it is to remain 
fixed on the surface. 

(1.) Electro-typing is the process by which seals, medals, 
engraved plates, ornaments, etc., can be most accurately 
copied, and reproduced in metal, more especially copper. 
We can best explain how this is done by taking a particular 



1 



Suppose we wish tt 

I of it is first taken ir 

I or other substanc' 

heated. A wire 1 

impression while si 

like gutta-percha, ii 



o copy a seal in copper. An impression 
n gutta-percha, sealing-wax, fusible metal, 
; which takes a sharp impression when 
1 convey the current is stuck into the j 
ft, and, if the surface be non-conducting 1 
is brushed over with plumbago or black- 
lead. Then it is attached by its wire to the negative o; 
pole of a weak Dajiiell's cell, while a plate of copper i 
attached to the other pole. The two are immersed ii 
Strong solution of copper-sulphate. Gradually, the coppt 
from the sulphate is deposited on the black*ieaded surfact, 
until in a day or so a tolerably thick plate is formed. I? 
may easily be detached by the point of a knife, and then 
we have a faithful copy of the original seal to the minutest 
line. 

But we may even do without a battery cell altogether, 
make a galvanic pair out of the object to be coated and a 

Electro -typing is of great importance to the engraver,* 
Copper plates may be multiplied to any extent ; and wood- 
cuts, which would soon become useless, if printed from 
directly, can be converted into copper plates. Indeed, 
nearly all the illustrations in popular works are now printed 1 

n electro-types. 
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(2.) EUcira-plating is tie art of coating by the galvanic 
current the baser and cheaper meials, such as brass, bronze, 
copper, nickel-silver, etc., with the more precious ones, such 
as silver and go!d. Theoretically, the process is simple 
enough, but practically, it requires much experience and 
I skill. When an article is to be electro-silvered, it is first 
I thoroughly cleansed, and then washed with nitrate of mer- 
cury. This leaves a thin film of raerciuy, which acts as a 
cement between the article and the silver. It is then put in 
a silver bath, a weak solution of cyanide of silver in cyanide 
of potassium, and attached to the negative pole of a battery j 
while a silver plate is attached to the positive, to keep the 
solution, by its decomposition, from getting poor. The 
process of electro-gilding is very much the same ; only the 
article first gets a layer of copper by electrolysis, and ia 
then immersed in a gold faath. A piece of gold is suspended 1 
from the posidvB pole, and the bath must in i" " 
kept hot. 
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86. We have seen that the galvanic current acts by ai 
tion or repulsion on a magnetic needle, and we shall now 
give the general laws according to which this action takes 
place. These form the subject <i{ Ekcfro-niagnetis-m. 

The influence of currents on magnets is mutual ; magnets 
n movable conductors conveying currents, just as cur- 
do on movable magnets- And not only so, but currents 
r^lso attract and repel each other according (o laws which 
are very well known. They are usually treated separately 
under the head of electro-dynamics, but we have here included 
theiii under electro-magnetism, because the connection be- 
tween magnetic and current action is so close that there is 
It to refer them to one and the same ultimate 
I. cause. For, vt shall see, that every case of magnetic action 
L — whether of magnets or currents, currents on magnets or 
Ms on magnets — can be at once explained b 
lagnetism is due to electricity in current. 
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87. Laws 0/ Current ^cft'()n.~These laws, which are thus ' 
at the foundation of electro-magnetism, are two, though one 
is practically included in the other. 

(1.) Two parallel wires, capable of motion, or two flexible 
conducting chains, attract each other when currents pass 
along them in the same direction, and repel when they pass 
in opposite directions, (a.) Two wires or chains, not parallel, 
but crossing each other, attract when the current runs io 
botht either to or from the point of crossing, but repel when 
it flows in one to, and in the other from, this point. 

These laws are easily proved by experiment with light 
frames of copper wire. They must be nicely movable upon 
pivots, and at the same time allow the current to pass roimd 
the frames without interruption. Many mechanical actions 
can be produced by the application of the two laws we have 
£jven. For example, a current flowing in a circle, may be 
made to cause a constant rotation of a wire conveying a 
current at right angles to the former. A similar rotation 
may be produced by putting for the circular current, in the 
last case, a pole of a magnet. In fact, the mutual action 
Jjetween a current and a magnetic pole is such, that if 

be fixed and the other movable, there will be a 
stant rotation of the one round the other ; and a change i; 
the direction of the current, or in the pole of the magnelj 
will reverse the direction of rotation. 

88. Ampere's theory of magtutism furnishes the key t 
ese actions, and forms the link between magnetism and'^ 

i-Cunent electricity. According to Ampere, magnetism is 
circulating round the particles of a magnet, 
and all in the same direcHoH. The want of magnetism ii 
steel bar is simply owing to 1 
currents flowing in all different .\ 
directions, and so neutralising 
each. Fig. 30 shews i 
lion of a magnetic bar with 
its currents all flowing oneway. 
30, Yit. ji. These are manifestly equivalent 

strong current flowing round the bar, as in fig. 31, g 
nterna! currents destroy each other. Magnetisation if ■ 
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e ^BC^ pwaiW-l, aad a 



the hands of a watch, it ts righl-Aattdfii^ like a 
screw, and tlie poles are as in fig. 33. This is in accordance 
with Ampere's rule ; for, if we imagine one swimming with 
Cos current and his tax:e to the axis of the spiral, the N. pole 



is always on his left. In general, then, if we look along the 
axis at the pole of a magnet, it will be a soiil/i or a narlh pole 
according as its cnrrents are seen to floiv in the samt or 
opposite direction to that of Ihe hands of a watch. 

89. EUctra-mitg-Mti.— VeThaps the strongest proof of 
Ampere's theory is that a piece of soft iron, placed within n 
spiral current, becomes fir Ike timt ^uwvAo&i -rai 
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If bars of steel be placed inside, they are pirmafuntfy mag- 
netised ; and a spiral current is thus a very ready and power- 
ful means of magnetisation. Where powerful magnets are 
required, this is by far the best way of making them, and 
there is nothing easier : a few turns of insulated copper wire 
conveying a current will at once convert a steel bar into a 
magnet by merely passing it over the bar. 

Magnets produced by the action of the current on soft iron 
are termed electro -magnets. They far outrival permanent 
magnets in strength ; and their value lies in this also, that 
we can change their poles, or make their magnetism come 
and go in a moment, as if by magic. If the iron core be 
very soft, its power is gone the instant we stop the current ; 
but if it is not quite soft there is always more or less residual 
magnetism left in the bar after we stop the current. 

Electro-magnets are generally made of the horse-shoe 
shape, as in hg. 34, and it matters 
not whether the coils be wound 
all over the magnet, or apcumut 
aled at the two ends. The power 
depends only on the number of 
turns of the coil, and (he strength 
of the current. But there is, of 
com^e, a limit to the number of 
^ turns ; for the advantage of in- 
creasing them may be counter- 
acted by the weakening elfect of 
the long wire on the current The 
wire which is wound on the core 
should be thick, so as to be of 
small resistance, and covered 
. For ordinary sizes, the latter is 
sufficient, as the electricity most suited to develop magnetism 
is of small tension and easily insulated. Usually, it is wound 
not on the core directly, but on two pasteboard cylinders or 
bobbins, which can be taken off the magnet at pleasure. 
With a very thick core, a sufficient number of turns, and a 
strong battery, we may have any power of electro-magnet. 
; have been made capable of sustaining several ! 
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weight. By far tlte largest that has erer b 

one made for Lord Lindsay. It is said to reigb ove 

and to have 14 miles of copper wire, i inch thick, « 

its core. The exciting banery is equally o 

of 150 Grove's elements, each exposing a. square jard at 

pklijtum surface. This gigantic size has never beiixc been 

approached. 

90. Electro-magnetism has many valuable practical apjA- 
cations. We owe to it our system of telegraphy, wliicb aloae 
would make this science of siupassing value. Its imponance 
requires us to give it special attentioii. 

Electricity has besides been applied with success M the 
driving, and especially the regulating of clocks ; so that ooe 
good clock may be made to control any nomber of Dndlnai^ 
ones, and they will keep time to a second wiUi the govetning 
dock. 

Electro-m^neric engines have also been constriKted, bt 
which the force of current is the motive power, and of coone, 
Che zinc of the battery the fuel The idea was iMig ouer- 
tained that here was the future rival of the sieam-eo^oe [ 
and a. vast amount of labour has been given to the coitstruc- 
tion and improvement of these engines, among practical 
mechanicians especially. But as zinc is so many dmes dealer 
than coal, it is impossible by any arrangement of in 
that it can be brought into competition witb the latter. 
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91 . Although the history of electricity and magnetism is fiill 
of si^gestions for the application of those fiowers to the pur- 
pose of a telegraph, it is oniy within the last forty years that 
any practical progress has been tnade. So cumbersome 
and expensive were the inventions even of that period, that 
ten years elapsed before any decided advance was accom- 
plished. But in the thirty years succeeding, the progress of 
■the an and its application to the daily wants of the time havC 
rapid as its p^e^'iclus advance had beeo. «kra. 
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limits will not permit evea a brief glance at thi 

stages of discovery which have brought the art to its present 

degree of development. 

92. The essential parts of every electric telegraph are four. 
There must be a complete circuit {or the current to traverse. 
The great discovery of Steinheil in 1838, that the esith 
serves as a return path for the electric current, is, practically, 
the most valuable contribution yet made to the science, as it 
at once greatly reduced the cost by abolishing the use of a 
return wire. The second requirement of a telegraph is a 
means of generating the electric force. In one class of 
magneto-electric instruments, the use of a battery is dis- 
pensed with, power being generated by two bobbins coiled 
upon an armature, and rotating continuously over the poles 
of a permanent magnet. In general, however, the voltaic 
battery is used, in some of the forms of which a description 
has already been given. A telegraph requires fiirther a 
communicator oz apparatus for producing signals at the 
sending station ; and fourthly, an indicator or apparatus for 
shewing the signals at the receiving end. In some cases 
these are similar, as in the single-needle instrument of Wheat- 
stone or the type-printing instrument of Hughes ; in others 
they are distinct instruments, as in the Morse, where the 
signals are sent by a transmitting key, and recorded by the 
action of an electro-magnet and armature. 

93. The Line. — An essential in a//telegraphs being the line 
or conductor, attention may be first given to it. The 
following diagram illustrates the mode of carrying a wire or 
series of wires from one station to another. LL represents 
the wire, supported on posts, and carried through insulators. 
In towns, wires are either carried "over-house" or by under- 
ground pipes. In the former case the insulators are fixed 
to roofs or chimneys by means of wooden brackets or poles. 
When carried by pipes under the street each wire is insulated 
in the whole of its length by gutta-percha or other suitable 
covering. The insulators used in over-house or pole lines 
are of various forms and different materials. White porce- 

^^B brown stoneware, glass, and vulcanite insulators will 
^^H. vnA in xse, but white porcelain is deemed the most 
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suitable. The poles are in some counlries made of metal, 

which though more costly in the first instance will prova 

pre durable than timber. Poles of the latter substance 

^ carefully prepared to resist the attacks of damp ol 




insects, and they vary in length and diameter according 
to the strain they are to bear or the position to be occupied. 
The number of posts per mile must be carefully calculated 
from the number of wires earned, and the conligurati 
of the track. Railway and canal lines, from their greater 
levelness aiid straightness, generally require fewer poles 
than telegraphs carried by the public roads ; and as regards 
insulation and cost, the fewer the poles the better. The 
number of poles runs from i6 to 30 per mile of road. 

The wire chiefly used for inland telegraphy is of iron, 
galvanised, and of No. 8 (s inch) gauge. The " conductivity'' 
of a wire increases, and its "resistance" decreases 
ratio of the square of its diameter. No. 4 wire is, from this 
cause, used on many of the longer lines, 

94. Instrujiunts. — Telegraph 
tinct kinds, namely, those which record their signals, and 
those giving only a transient signal to the observer or 
Usleaer. Of the first kind there are various forms, compris- 
ing instruments which record the message in arbitrary signs 
(('.A, in the dots and dashes of the Morse alphabet, 
afterwards described), Instruments printing in ordinary 
Stters, and others which give an exact fac-simik of 
:e desired to be sent. The tvoTi-xftwsn' 
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are the "single-needle," ihe "bell," the "A B C," or dial 
linstnunenl, and the "sounder," and, for suhmarine tele- 
graphy, the reflecting galvanometer, 

95. The great bulk of the telegraphing of the world is done 
by tlie instrument which bears the name of Professor Morse, 
and, as already indicated, the Morse consists of a transmit- 
ting key and a recording apparatus. The key, in one of its 
earliest and simplest forms 

A, and, in the position 
shewn, it is ready to re- 
ceive a current from the 
dislantslation. Thiscur- 
rent, coming by the Une 
wire, L, passes through 
the axis, then through 
;lhc studs, n, b (shewn in contact), to the wire E, by which it 
reaches the recording portion of the apparatus, and thence 
goes to earth. To send a current, the key is depressed 
by the handle, H, when the power, originating in the 
batteiy, rises by the wire C, through the studs a, m, and 
passes to the line wire L, by which it reaches the distant 
station. 

96. Electrically the Morse recorder (fig. 37) consists of 
.the electro-magnet E, and the aniiature F, while mechani- 
'cally it consists of a lever, G, bearing on its outer end a 
■drcular disc, I, and a clockwork arrangement to move for- 
iirard the tape on which this disc operates. There are, 
besides, various screws, etc., to adjust the play of the arma- 
ture and the disc. 

97. Before beginning work, the instrument clerk adjusts 
the screw B, so that the upper side of the disc will press 
gently on tlie tape when the siop_/ touches the stud b, and 
the screw A is adjusted so that when the stop / presses 
against it, the under side of the disc dips into the inkwelL 
The tape, clockwork, and inkwell are not shewn in the 
figure. These adjustments being made, the screw D is 

iDved till E will just clear F, when the latter is drawn < 
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^* to rest on the stud b. StOl further, the screw C is used X< 
adjust the spring S, which diaws the armature lightly against 
the screw A, as in the figure. 

198. On a current being received from the distant station, 
traverses the coils within E, which, as already described in 
an earlier paragraph, become for the time a magnet, and 
draw down the armature. On the cessation of the current, 
the coils are no longer magnetic, and the spring C at once 
draws up the aimature. With the adjustment of the lever ' 
and inking disc already described, a straight mark is made 
by the disc upon the armature F being drawn down by the 
passage of the electric current. 

The duration of the current thus determines the nature 
of the record. If the sending clerk depresses the key while 
he counts one, a dot only is made ; if he holds it down while 
he counts one, two, tlirte, the disc will make a dash. Thus, 
"one, one two three"will produce dot dash ( - - — ), which 
in the Morse alphabet represents the letter A, and as the 
alphabet is composed of dots and dashes, the figure and 
this explanation disclose the whole mystery of telegraphy, 
as carried out under tiis system. 

99. Telegraph Codes aiid Alphabets. — It will have been 
gathered from the preceding paragraphs, that several both 
^^L of the recording and the non-recording instruments speak a ' 
^^Hlpecial language. In practice every a.nbi'txaiTj VD,^i:ram.«:c&.J 
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' has had its own alphabet, but, so far as Britain at least ii 
concerned, all differences have been merged in the 
the Morse Code. The " double needle" had a " progressive"' 
alphabet, the "bell" instrument had an alphabet basi 
the desire to complete each letter so far as possible o 
bell, while the Morse code was based on the philosophical I 
principle that the letters most frequently used should have I 
the simplest signals. 

iDo. A "progressive" alphabet was more easily learned J 
than one based on such a principle. To know that A w 
two beats to the left, led on to the knowledge that B ^ 
three beats to the left, and so on throughout all the needle I 
alphabet. But in the Morse alphabet, A is " left right," BM 
" right left, left, left," and the one letter has no direct rela-f 
lion in sign to its immediate neighbour. From this c 
stance the alphabet was not a little difficult to acquire, a 
when the British Post Office, at the end of 1869, bad tc 
vide for the instruction of several thousand telegraphisl 
ingenious grouping of the signs, accompanied by mncmoniCJ 
phrases, was prepared. The student desiring to leam t 
masterpiece of cryptography invented by Professor Mora 
)t do better than adopt those groups, which are givcA 
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The arrangement for sifinalling figures under 
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Morse Code is equally ingenious, ea.cb figure being repre- 
sented by five signals : 



Tliese are the numerals printed long, but on busy circuits 
expert clerics adopt the practice of " sending short," omitting 
all after the first dash in 1,2, and 3, and al! before the last 
dash in 7, 8, 9, and 0. 

I03. It is stated thai Professor Morse founded his alphabet 
upon information given him by his brother, a. journalist, as 
to the numerical relation of the letters In the English alpha- 
bet, the simplest signal, a dot, being given to E, and the next 
simplest, a. dash, to T, those letters occurring most frequeatly 
in our language, while Q, X, Y, and Z, had the most elaborate 
symbols. 

103. In the practical work of telegraphy, many arbitrary 
signs and contractions have come into use. Every telegraph 
station in the United Kingdom, for instance, has its code 
signal, and as r^ards the larger towns the code is expressed 
in two letters. 

There is no office called " London," for the simple 
reason that the metropolis is a microcosm rather than a 
single city. The central station. Telegraph Street, is still so 
called, though removed from that street to the new build- 
ing at St Martin's-Ie- Grand, Nevertheless the heart of the 
telegraph system bears, in the code, TS. as its distinguishing 
symbol. It is obvious that by no name. Central Head Office 
or otherwise, could the station be so briefly distinguished as 

by this symbol, which forms only { — ) in the Morse 

code. In like manner Edinburgh is EH., Glasgow, GW., 
Dublin, DU., Liverpool, LV., Belfast, BE., Aberdeen, AB., 
and so on. After the principal towns have used up all pos- 
sible two-letter s)iiibols, the other offices are shewn in three 
letters each. There Is a wide margin remaining, after giving 
each office in the kingdom two or three " code letters" before 
the possible combinations of the letters are exh&u«ft&> 
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104. The Relay. — In working a long circuit, it has been 
, found that, owing to leakage, 
I etc., great battery power is re- 
I quired to work the armature of 
I the receiving instrument by the 
I current itself. The use of the "re- 
I lay " enables a feeble current to 
I do the work by bringing a " local 
I current" into play at the receiv- 
ing station. 

Siemens' Polarised Relay ^ which 
is in extensive use in this country, 
is shewn in the following figures, 
p. , from which its mode of operation 

will be understood. Fig. 38 
shews the relay in perspective, and in fig. 39 it is seen in 
plan. 
The letters NS shew a hard steel permanent magnet, in 
the south end of which 3 soft iron 
armature, a, is pivoted, having a free 
motion right and left. To this armature 
a thin tongue of aluminium, b, is at- 
tached, which on touching the point c 
(fig. 39) completes the local circuit, 
To the north end of the permanent 
magnet the soft iron cores of the 
electro-magnet are fixed, as seen in 
the figures. The permanent magnet 
induces north magnetism in the elec- 
tro-magnet, and south magnetism in 
the armature playing between the 
points n and n'. When the armature 
a is midway between the pole-pieces 
H and «', it is equally attracted by both ; but, if it be 
brought nearer the one than the other, it is attracted and 
held, influenced by the greater force. By an adjustment of 
the pole-pieces and the contact points (^ d, the aluminium 
gue is held against <f when no current is passing. 
'he effect of a current from the sending station upon 
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electro-magnet, is to strengthen the north magnetism in 
and lo diminish that of n\ and the armature a is drawn 



over to the contact c, by which means the local circuit is 
completed, and the local battery and printing instrument 
are brought into play. On the reversal of the key at the 
sending station, the magnetism in the electro-magnet is 
reversed and the tongue is attracted back to the point d. 
Thus a current, however feeble, is able to actuate the 
tongue of the relay, and the completion of the local circuit 
brings the powerful current of the local battery into play. 
The relay can be used so that an intermediate station, while 
recording the message if required, sends the current on with 
renewed vigour to a more distant station. 

105. The Hughes Type Printer. — This instrument prints 
the messages in Roman letters, and its character is more 
mechanical than electric An elaborate mechanism is pro- 
vided, by which type wheels at each instrument are made to 
revolve rapidly and in unison, and the letters are printed at 
both ends simultaneously by the passage of a single wave of 
electricity for each letter. 

The instrument has a key-board, in alternate black 
and white keys, and each key — representing a letter or 
figure — raises when depressed a small contact-pin in a 
circular plate. Revolving over this plate is a horizontal 
arm, which in the course of its revolution comes into con- 
tact with any pin which may have been raised, and completes 
the necessary metallic circuit. At the instant of this contact 
the wave of electricity passes to the distant station. The 
motions of the type wheels at the two stations are synchron- 
ous, and the electric current causes a lever to press the 
paper slip against the revolving type wheel, at both stations 
simultaneously. 

The clerk sending a message with this instrument reads 
it off while sending, and can thus check his work. The 
defect of the instrument is its delicate mechanical adjustment, 
as any retardation causes a wrong letter to be printed ; and 
when this occurs, both operators must bring their instruments 
to zero and begin again. It can be used on well-insulated 
lines of moderate length, and when, usftd Mnv&iet iK.<i<» 
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circii instances gives results of surprising accuracy and 
rapidity. 

106. Non-Recording Visual Inslrumenii. — Non-recording 
instruments are made to attract either the eye or the ear, 
In tlie "single-needle" instruments — of which about 4000 
are in use in the British telegraph department, and which 
are largely used on railway lines — the signals consist of the 
movements of a needle vertically suspended. There are two 
needles connected astatically one within the coil, and the 
other shewingthe motions on a dial outside. Loaded slightly 
to cause them to hang vertically, the needles are deflected 
to right or left by the passage of a current through the coiL 
The newer needle instruments are worked by two keys 
like those of a piano, the depression of one key causing a 
deflection to the left, and that of the other key a deflec- 
tion to the right Where speed is of importance, the cleik 
watching the signals is furnished with a writer to take dowa 1 
the message. Beginners "send to understand," that is, bJ 
pause is made at the end of each word, and the receiviiH|H 
clerk sends a signal " understand " if he has caught the wra^^H 
But with experienced clerks this is not necessary, and co^H 
siderable speed can be attained. As in the Hughes insti^H 
ment, the single-needle clerk produces signals on his o<it^| 
instrument simultaneously with those on the distant statioi^H 

107. This is also true of the dial or A B C instrumentSi'^H 
which the magneto-electric apparatus of Sir Charles Whe^H 
stone is the type used in this country. In Wheatston^H 
ABC the battery is dispensed with, power being generat^H 
as already mentioned by two bobbins rotating over the po^H 
of a permanent magnet. Turning the handle below wj^H 
one band, the operator presses down one or other of a se^^| 
of buttons placed in a circle, and moving levers below, ^H 
which the passage of a current is regulated. Above ^^| 
sending apparatus is a small dial, on the face of which i^B 
index — like that of a " centre seconds " watch — flies rounc^^ 
stopping at the letter corresponding to the button depressed I 
at the other end. M 

I Non-Recording Acoustic Telegraphs. — The chief flJB 

I K the " Bell " and the " Sounder." Previous to wB 
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introduction of the fast-speed automatic instruments to be 
next described, expert teleEraphists came to rely on 
alone, the clielc of the Morse instrument speaking a language 
which was quite intelligible to a practised ear. In " sound 
reading," the great advantage is that the eye is relieved 
from any duty but that of writing the message. 

In Sir Charles Brighfs "Bell" instrument, most ex- 
celleni results in point of speed have been obtained. Two 
bells of different tone are placed so that the clerk, bending 
forward to ivrite his message, catches the sound on one side 
or the other, and translates the tinkle of the bells as they 
ring out the words. At one time the "bell" instrument had 
a code or alphabet of its own, the principle of which we have 
already adverted to, namely, to complete each letter as much 
as possible on one bell. Now, however, the Morse code is 
used, a beat on the left bell representing a dot, and one on 
the right bell a dash. 

log. It is a common practice in the larger offices to place 
a bell inslrumenl in circuit with a number of single-needle 
instruments at the rural offices around. The sending keys 
are the same in both instruments and the advantage of the 
arrangement is, that the experter clerks at the larger office 
can lake off a message at any speed, writing by the ear, 
while in sending out messages to the smaller offices the 
speed can be regulated to the local clerks' power of reading 
the needle. 

no. The "Sounder" (or American Sounder, so called from 
its great prevalence in the United States) consists simply 
of the electro-magnet, armature, and spring of the Morse 
instrument (see fig. 37), and the expensive clockwork of the 
recording instrument is done away with. In the "bell," 
difference of sound, and in the "sounder" difference of 
duration of sound, is made to indicate the dots and dashes 
of the Morse alphabet. 

III. Autoinnlk Telegraphy. — The speed of all the instru- 
ments described is necessarily limited. On the " single- 
needle," words cannot be sent quicker than the eye can 
translate them, while on the "bell" and "soundcr"thc ear 
must take the sounds only as rapidly as the hand can write 
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^H them. In the Morse instrument, the printed slip preserves s^l 
record, so that the sending may be in advance of the writing 
at the other end. But the speed is limited to the rapidity 
with which the hand of the operator can move the key. 

112. We are indebted to Sir Charles Wheatsi one for an 
apparatus which trebles, and in some cases quadruples the 
capacity of a wire, securing at the same time mechanical 
accuracy in the dots, dashes, and spaces. By means of a J 

»" perforator," a. slip of white paper is punched out after th^^H 
foltowing fashion ; ^^M 

.00 00000 ^^^ 

GO 00 000 ^^1 

Three discs are struck by the punching cleric, the centre ' 
disc causing a punch to make the middle row of holes, while 
the left-hand disc produces the large holes placed vertically 
and the right-hand the pairs of holes placed diagonally. 

In the second apparatus (the " transmitter"), the punched 
slip is used to regulate the passage of the electric current. 
The larger holes allow the passage of pins, which by means 
of a lever attachment regulate the making and breaking^ 1 
ot contact. The action of tlie pins and the perforated slip| 
has been compared to that of the cards in the Jacquart" 

• loom which regulate the lifting of the threads of the warp. 
The pin passing through the upper hole causes a inai~ 
ing current to be sent, while the lower pin reverses t 
current and causes the mark at the receiving station 
cease. In the case of the holes vertical to each other, the 
pins pass through almost simultaneously, so that only a 
momentary mark (a dot) is given. The time which elapses 
between the passage of the pins through the diagonal pair 
of holes permits a current to pass which marks a dash at 
the receiving instrument. Where a centre hole only occurs, 
J current passes, those holes serving only to i 



IX through the instrument, and giving the necessar;^^^ 
5 between the marks. Many diagrams would be TQ|^^| 
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liqnircd to iUustrate the mechanism of this beautiful instrn- I 

113. The "receiver" in which the message is printedr 1 
though difFerent in detail, is the same essentially as 
r Morse instrument. The portion of shp figured above would ] 
e the following marks at the receiving station : 



The printing and spacing is done with a mathematical 
accuracy which hand-keying with the Morse cannot attain. 

The speed of transmission depends on the length of line, 
the conditions of the atmosphere, etc., and the clockwork 
of both "transmitter" and "receiver" is furnished with 
means of adjustment to any speed not exceeding 120 words 
per minute. 

1 14. The Wheatatone automatic instrument is used between 
all the principal cities in the kingdom, and one of its most 
success^! applications is in the simultaneous transmission 
of news from London to a large number of towns. The 
highest speed is attained on tbe shorter circuits, and in the 
central office a punched slip is carried from one to the other 
of a series of "transmitters," called the "express news cir- 
cuits," each serving several towns, so that an important speech 
in Parliament may be sent to thirty or forty towns in the 
space of a few minutes I But for the aid of this valuable 
instnunent, the enormous development of public and news- 
paper telegraphy within the Sast few years could not have 
been accomplished, 

115. "Duplex" Working. — Sofar,the wire has been treated 
as a means of conveying signals in one direction only. But 
the possibiUty of sending messages in both directions sim- 
ultaneously on one wire, has been long acknowledged by 
electricians, though only recentiy reduced to practical use. 

The use of the ordinary phrase "an electric curreHt" has 
rendered the fact of duplex working very difficult of com- 
prehension to the popular mind. In point of fact, no current 
passes from one station to the other as is proved by the 
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Emstance that two stations can exchange signals at one ^h 
the same moment. In "duplex" working, the electric^H 
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force brought into operation by depressing the sending key ^ 



i divided, one half passing to the hne wire, and the other 
half going to " earth." 

1 16. This object is accomplished by winding the coils of 
ihe Morse magnet in the sajne inanner as in a differentia] 
galvanometer, splitting or dividing the out-going current 
into two portions, one passing to the line, the other passing 
to the earth through a resistance equal to that of the line. 
When the resistances are perfectly equal, the 
not moved by llie out-going force. 

When this has been effected, the instrument is only 
by signals sent from the distant station. The divided current 
presses equally on both sides of the sending instrument, 
and therefore leaves it unaffected. On reaching the distant 
station, the force affects the instrument at one side, and 
operates on it. If at the same moment the key at the other 
end is depressed, the force is divided there in the same way, 
one-half coming to the line wire. Those forces in the line 
wire neutralise or strengthen each other, as the case may 
be, changing the point of equilibrium to correspond with 
the signals sent from one end or both. 

ny. The duplex system was at first tried only on short 
circuits of 40 to 60 miles, but it is now successfully used 
over distances of 400 miles or more. The principle has 
been tried on other instruments besides the Morse, and is 
acknowledged to be a valuable addition to the capabilities of 
telegraphy. 

118. Submarine Cabhs. — In 1850 the practicability of 
conveying an insulated wire under water was proved by the 
laying of a single copper wire, insulated with gutta-percha, 
between Dover and Calais, which continued in operali 
one day. A heavier cable containing four wires was 
quently submerged at the same place, and 
operation to this day. About 300 cables of various 
of manufacture have been laid in different parts of the 
varying from the three cables of atxjo miles each joi] 
Europe 

' e western islands of Scotland with the mainlani 
laid in the earlier years were passed throuj 
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man y vicissitudes, and have entailed great loss from impei feet 
insulation, mishaps in submersion, and other 

19. The Malta-Alexandria cabk, laid in 1861, and which 
continued in use for eleven years, was the first long cable 
constructed with a careful regard to its electrical and 
mechanical conditions, and it corresponds very closely with 
the best form of cable now made. Its construction is shewn 
in the subjoined figure, which gives the cable full-size, in 
the different layers. C is a strand 
of seven copper wires, the strand 
being stronger and less Uable to 
leakage, though less valuable as 
a conductor than a single wire of 
the gross diameter would be. 
This strand is laid in " Chatter- ^ 

ton's compound" (tar, resin, and ^- ^^ 

gutta-percha in certain propor- 
tions), and is insulated by three layers of gutta-percha n 
Chatterton's compound between each (G). Over this is 
serving of tarred yam (H) to act as a buffer for the 
and the outside (1) consists of a sheathing of eighteei 

protect the cable from abrasion and give 
necessary strength. This cable was disused not from any 
inherent fault, but from the expense of maintenance caused 
by its being laid in shallow water. 

120. Abont thirty different forms of cable have been made, 

tighter cables being made for temporary use or for still 

while the heavier cables, carefully tested in eiery 

Stage of manufacture and submersion, are intended for deeper 

and stormier seas, 

. In the longest submarine lines, it was found thatj 
only a weak current was received at the distant end, and i 
order to secure the action of the current, a more delicate| 
instrument than any in use must be provided. This <m 
found in the beautiful invention or adaptation by Sir Wiiliai 
Thomson, of the Reflecting Galvanomeler, The followingi 
shews the principle of this instrument. 

In the figure, D represents a short magnetic needle, sus- ~] 
^nded by a silk fibre, and having attocteA V 
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ror. Needle and mirror together weigh about a grain 
a half. By means of a lamp, a. pencil of light is thrown 
upon the gradtiated index, A B, a movement of this image 
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ne side or other being made to represent the dots aitd 
dashes of the Morse alphabet. To give steadiness to the 
suspended needle, it is brought to rest by a magnet after 
each deflection. 

By an enlargement of the graduated scale some very 
delicate illustrations of electric action can be given. Thus, 
to shew that dissimilar metals, plunged in the same liquid, 
will evolve electricity, the wires leading to the galvanometer 
may be joined up to a steel knife and a silver fork, and on 
fixing the fork into a piece of raw meat, the light on the 
scale will be sensibly deflected at the instant the knife also 
is brought in contact with the meat. A "ceU" consisting 
of a copper percussion cap with a small morsel of rinc has 
been found to create sufficient eiectricity to send a mess^e 
across the Adantic. 

122. In his Ink-recorder, Sir William Thomson has given 
another beautifid adaptation of electric science. A fine coil 
is suspended between the poles of a fixed magnet, and 
attached to the coil is one limb of a small glass syphon, 
the other end of which dips into a vessel containing ordinary 
ink. So long as no current passes, the ink flows from the 
syphon in a straight stream, jiiaking a mark on a paper tape 
which runs below. But on the coil being attracted to either 
side by the passage of an electric current, the ink 
waves from side to side, the deflections serving as the 
and dashes of the Morse code. 



odl 



ICUr.RENT INDUCTION. Sj ^M 

ELECTRICITY OF CURRENT INDUCTION. H 

123, Faraday discovered, in 1832, that current electricity ^H 
may be developed by induction^ in a manner somewhat ana- 
logous to that in which statical electricity is induced. If a 
wire, whose ends are fixed in the binding-screws of a galvano- 
meter, be laid alongside of another wire through which a cur- 
rent passes, there is an instant deliection of the needle. !t 
soon falls back, however, to its original position, and not the 
slightest effect is seen so long as the current continues 
steadily to ilow. On withdrawing the wire, or on stopping 
the current, we again have a deflection of the needle, but this 
time to the other side. As often as we join and break the 
current, we have these momentary flows of electricity induced 
in the galvanometer wire, which will set the needle a-swiog- ^M 
ing from side to side. ^H 

In general, then, it may be stated that the passage of a ^H 
current in a conducting circuit produces a sjTnpalhetic elec- ^H 
trie state in a neighbouring circuit ; so that any change 0/ 
condition of the first is accompanied with a corresponding 
electric throb of the second. The effect on the galvanometer 
circuit will be greater the more rapidly we change the state ^^ 
of the inducing electricity, and the greater the extent of the ^H 
second circuit influenced by (he current. ^H 

124. We must note the directions of the induced currents. ^| 
By the appf each qi commencement oi i.)itin.&.ac\n% ot primary j 

current, a wave passes in an opposite direction through the 
induced or Wdwi/a^y circuit ; and by the break or ■withdrawal 
of the primary current, a wave passes along the secondary 
circuit in the same direction as that of the primary. Or, 
shortly, at make and break of primary circuity ait inverse and 
a direct secondary curftTit are respectively induced. There 
is thus a great difference between current and statical induc- 
tion. So long as the prime conductor of a machine is 
charged, it has a constant inducing influence on all bodies 
near it. But it is only a change 0/ tension in current el© 
tricity which has any inducing power, and the power 
momentary as the change. 
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* 125. Induction Call. — The best form of inductive apparatus 
employed in practice is that known as Rhumkorff's induction 

Essentially, it consists of two bobbins or coils of insulated 
copper wire, an inner and an outer. The inner coil is of thick 
wire, and through it passes the priroary or battery 
It is called the primary coil. The outer is of fine w 
in it is induced the secondary current, at make and break of 
the primary circuit. It is called the secondary coil. Som.e- 
times the inner coil is made so that it can be withdrawn from 
the secondary at pleasure. 

The object of this coil-arrangement of the wires is to make 
each turn of the primary or inducing wire act not only 
the turn of the secondary next it, but also on all the tu; 
near it. A vastly greater effect is thereby obtained than if 
the two wires were simply laid side by side in a straight line. 
For this reason, too — that the strength of the induced cur- 
rents depends on tlie extent of the secondary wire under the 
influence of the primary — very fine wire is used, to give as 
great a length of it as possible. Induced currents are ol 
high tension compared with battery currents, and the fine- 
ness of tiie wire is no obstacle to the passage of the currents. 
Only, the finer the wire, and the higher the tension of the 
secondary currents, the more careful must be the insulation 
of the different turns and layers. Everything depends on 
the proper insulation of the secondary coiL 

We have said that the wire of the primary coil is thick. 
This is to offer little resistance to the battery current, and to 
give the maximum of magnetic effect. For the inducii^ 
power of the primary increases with its magnetic power. 
In proof of this, it is found that the addition of a soft iron 
core in the primary coil increases enormously the strength 
of the induced currents ; and this is because it heightens 
the magnetism of the inducing coil. In further proof of this 
feet, and in singular confirmation of Ampere's theory of 
magnetism, a permanent bar-magnet may be put for the 

kary coil, A current in one direction, or the reverse, is 
■d when it is put in or taken out of the secondary 
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126. Sucharethegeneralfeaturesofthe induction coil. Fig. 
43 will give an idea of its appearance. The primary coil ii 
inside and out of view, and the secondary, W, alone is seen 
The ends of the secondary wire are soldered to two brass 
heads, P, P', insulated on glass pillars, and carrying pointed 
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brass rods, capable of universal motion. It h between these 
brass points that the induced current leaps across. The two 
battery wires are attached to the two binding-screws,/ and 
M. Before reaching the coil, the current has to pass ihrough, 
tirst, the commutator, C, and, second, a self-acting break not 
seen in the figure. With the commutator we can turn the 
current off or on, or reverse it at pleasure, by giving it a 
quarter or a half turn. The automatic break interrupts the 
current with extreme rapidity, and 9a gives rise to an ince»- ^^ 
sant stream of induced currents. ^^| 

iz/. £xira Currmls. — Not only does a current induce ^H 
electricity in a neighbouring circuit, but it also acts induC' ^^| 
cively on itself. If we break a current pasling through a ^^ 
long wire, we observe a bright sjiark at the jian broken. 
This is very feeble if the wire be short, but very bMlliant if it 
belong, and especially if it be wound in a coll. Obviously, 
it is not owing to the oinciX being «ii<ing, for we know it is 
weaker the longer the path it has to Iravcric The cause 
has been found to be due \o vcira currtittt in the trire, 

Koduced by the various parjt of the wire circuit acting ^_ 
Juctively on each other. 'Iliey are dirict when the cur- ^H 
Bt stops, and imieru when it Ugi*A. "'Cxnt. ^«cx •A'^i^^H 
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mtiersi curreni, induced in the circuit when it is 
is to oppose and so retard the instanta.neous passage of 
the main current ; while the direct extra current, which 
follows the break of circuit, has a very weakening effect 
on the tension of the secondary current, if it is allowed to 
pass by spark or otherwise. This is because it has itself 
a very high tension, and it tends to prolong the cu 
in the primary wire, and so impair the suddennes 
the break, on which the tension of the induced current de- 
pends. 

lz8. The Condenser. — This is an important addition to the" 
coil, and serves to get rid of the extra current, whidi, 
have said, forms in the primary wire. It is placed in the 
Eole, S, and does not meet the eye. It is simply anumber of 
sheets of tinfoil separated by layers of oiled silk, the odd ones 
bdng all connected in one set, and the even in another. 
Each set communicates with an end of the primary wire, and 
acta like a coating of a Leyden jar. The whole, in some way 
or other not well explained, absorbs the e.Ktra current, and 

I suppresses its injurious effects on the secondary current. 

r 129. Some enormous induction coils have been toade 
recent years, the most powerfiU being one made for Pro-j 
feasor Pepper. There are in it more than two miles 
primary wire, and no less than 150 miles of secondary, 
iron wire core alone weighs over a hundredweight, and 
whole coil about three-quartcisof a ton. It is said that wit 

L a powerful battery, a spark of fully two fei 

■'from iL 

P 130. The electricity of the induction coll i; 

^ nature of the frictional than ot the galvan 
The sparks which pass between the " points" i 
like those of the machine, especially if the points be s 
distance apart As with common electricity too, the physao* 
logical effects are very marked, and are a familiar object 
trf exhibition. The beautiful luminous effects obtained by 
passing ordinary electricity through rarefied air or different 
gases, are shewn yet more brilliantly with the indue 

On the other hand, the induced curreni has little power tt 
pffierfa magnetic needle, or to effect chemical decampositit 
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All this shews that the electricity of induction has 
intensity or tension, and yet no great quantity ; for we know 
that magnetic and chetnical effects are due to electrical 
quantity only. In fact, the secondary current is as deficient in 
quantity as it is superior in intensity to the primary current 
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131. We have already seen that the action of the primary 
induction coils may be exac tly replaced by that of a mag- 
neL The approach and withdrawal of a permanent magnet 
induces two powerfiil opposite currents in a coil. If, tiien, 
we had some means ol rapidly removing the influence of the 
permanent magnet, as we had of the primary coil, by breaking 
its current, we should have in- 
duced electricity from magnet- 
ism, and altogether independent 
of galvanic batteries. To the 
immortal Faraday belongs the 
gloty of the two discoveries of 
current induction, and of mag- 
neto-electric induction. In 
1831-2, he first published, in 
the Pkilesopkical Magaainc, , 
his researches on these two t 
branches of the science of elcc- 

132. We shall now dcscriL^ 
the uwal mode by whjcli &u'.ii 
magDcto-dcLiritiiy, it uiatpici' 
origin eitt-Uidiy i» i/Uaiii';'l 
Fig. 44 rejJieseal* >jtyi <rf '(« 
siroplCM Imjiis <j< uugMt^/j' 
electric msAluots. NS is * 
large fixed Weel lua^iuA, ajkd ^^^ ^ 

~? b a bar U «o& irun, wlucli, 

1 the picc«» 'A *<4t iiun tuuki tbc u'lU C and D, 
1 Hft of beat vmu*v« to the ma^^M. V>«m.v'A- «■ 
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evident that, as the armature turns round from being in 
with NS, there will be first a gradual decrease of magna 
power in its cores, during a quarter of a turn, and then 
gradual increase during the nest quarter, till CD i 
in line with NS, But the decrease of magnetic influence, 
or the withdrawal of it, induces a current in a coil ; and its 
increase or approach induces an opposite current in a coiL 
Thus, then, as CD turns round from the line of the 
• poles, currents will be induced in the coils, if the two ends 
I of the wire are joined. They will not be produced abnipdy, 
but in a constant sireafli, as the change of magnetic influence 
is gradual ; and during the first quarter of a turn Ihey will be 
all in one direction. During the next quarter there is a 
gradual increase of magnetism in the cores, and this 
would produce currents in an opposite direction, were it 
not that there is also a change of poles. This double rever- 
sal, therefore, gives currents induced in the same direction 
as during the first quarter. So, then, during the first half- 
revolution from the line of the poles, a constant stream of 
CurreDts is generated all in one direction. In the next half- 
revolution, the whole state of matters is of course reversed, 
and we shall have a current flow in the opposite direction. 
We have merely to introduce a commutating piece, F (which 
allows the springs, H, K, alternately to communicate with 
the ends, w, «, of the coil), to give us a constant flow of 
electricity in one direction. And by turning the handle we 
may get any amount of electricity we please, without any 
wasting of the machine, such as is in the galvanic battery, 

133, With electricity obtained in this way, we may have 
all the ordinary current efl^ects. Water may be decomposed, 
platinum wire heated red-hot, and soft iron magnetised, li 
has been much used for medical piupoacs, and the physio- 
logical effects are very powerful. Magneto-electric machines 
have also been used for firing gunpowder. Professor Abel 
I las lately constructed fuses which may be readily fired with 
a pocket-machine of this kind. 

Such a machine forms a link of the chain that binds all 
le physical forces together. The force of a magnet, and 
e force ol n man turning a handle, may seem very different, 



MAGNETO-ELECTRIC MACHINES. 9I 

and they do differ widely. Yet they differ only in form. 
With a suitable arrangement, the one form of enet^y may be 
as it were remoulded and brought forth In the shape of the 

134. Recent Magmto-electric Machines. — The magneto- 
electric machine has now come into extensive use, as being a 
readier, steadier, and cleanlier source of current electricity 
than the galvanic battery. Very powerful machines have been 
constructed on much the same principle as that we have just 
described. They have been employed for the electric light 
in lighthouses, and are driven by small steam engines. We 
are to look upon them as simply the means of converting 
mechanical into electrical force or energy. But important 
modifications in the construction of these have been made 



135, Siemens' Armature. — In 1854 Siemens introduced a 
new form of armature, which brings the coil and its core 
nearer the poles of the inducing magnet or magnetic maga- 
zine. It has the wire wound lengthways or parallel to 
ojns of its core, and not across its length, as 
electro-magnets. The core is a cylinder of soft iron, with a 
large hollow scooped out on each side, leaving it somewhat 
like a piece of an iron rail. Insulated copper vrire is wound 
along it till this hollow is filled up, and the cylindrical form 
restored. The faces oi the core or rail, and not the ends, 
form the poles of this electro-magTiet. It is not rotated befon 
the poles of a steel magnet, as in the common machine, but 
between the poles of a series of magnets spanning it like a 
bridge, whose breadth is the length of the armature. A very 
rapid rotation can be given to the cylinder round its axis, 
the iron faces are magnetised and demagnetised with o 
sponding rapidity. 

136. Wilde's Machine.— VI ildo of Manchester constructed 
in 1865 a magneto-electric machine of unequalled simplicity, 
which can be made to convert any amount of mechanical 
energy into electricity. All that is required is a little per- 
manent or residual magnetism to start with as capital, and 
this is speedily worked up, on the compound interest principle, 
to any desired amount. 
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Wilde's machine consists of two magnet o-electiic machines, 
a small one surmounting a large one of precisely similar 
principle, but of enoiTnously greater strength. The figore 



(fig- 4S) represents an end 




of the machine. In the 
small machine, the indudng 
power is a magnetic magaaae, 
m, of twelve to sixteea sted 
horse-shoe magnets. It evokes 
currents in a Siemens' armature, 
which revolves between the 
poles, a, 6, of the magnets, 
2500 times a minute. Two 
springs, connected with « and/, 
press on the commutator of the 
" Siemens," and are the poles- 
of the uppercurrent. This cur- 
rent is not used directly, but is 
sent through the coils, E, E, of 
the huge electro-magnet of the; 
lower machine. It has 
mens' armature, S, revolving; 
between its poll ~ 

1800 limes a minute. Both 
machines are piecisely alike 
action, and differ only in power. 
The armatures are both driv^ 
by belts from the same shaft. 
The arrangement of the 

very ingenious 
in both, but WQ 
t of two masses 
o form the 

poles m^neticalljf) 



netic polei 
It is the I 



shall refer only to the lower. They ci 

of soft iron, A and B, hollowed out so 

sides of a tube to enclose the Siemer 

of brass, L, L, serve to insulate the twi 

and to complete the tube. This protects the armature fron) 

the resistance of the air, and brings it as near as possibU 

to the inductive influence of the p ' 

137, The effects which this machine is capable of produo 
« almost incredible. When worked with a. three-horsa 
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139. As the electric cmrvnt produces hea^ so we may 
invert the order of the pheoonieiia, and from heat deriw 
electridty- When anj two metaJs, unequally susceptible to 
heat, are soldered tt^ether, and heated at the joinii^, an 
electric current is evoked. The two metals which shew this 
property most readily are antimtiny and tistmitA. Thus, 
if a bar of antimony, A {fig. 46), be soldered to a bar of 
bismuth, B, and their other ends connected with & galvano- 
meter, G, a current will pass when we heat the junction, S. 
Inside the couple, it flows from bismuth to itntimony, and 
outside from antimony to bismuth, as we know by the s" ' 
to which the needle swings. If any two of the i " 
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metals he joined in this way as a thermo-electric pair, a] 
It will flow at the heated juncHon, from the 
one which occurs first in the list to the other — 
bismuth, nickel, lead, tin, copper, platinum, sihier, 
7n,anlim.any, tellurium. This is the order 
for these metals, all supposed at the same mean 
temperature, and. that not over 70° F, In most 
cases the thermo-electric power of a pair of metals 
" :s considerably when anything like high tem- 
peratures are rea.ched. 

Ucold, instead of heal, be applied at the junc- 
tion of two metals, it will produce a current 
opposite in direction to what heat would. When 
we plunge the antimony-bismuth couple in ice- 
Tent flows /ram bismuth to atttimoi^ 
a the outside 
140. Thernts- Electric Baiiery.^One antimony -bismuth 
1 pair has httle power, but several niay be joined, just as in a 
f galvanic battery. Fig. 47 shews the arrangement of such a 
thermo-electric pile or battery. Obviously, 
only the odd junctions must be heated, 
for if all were, there would he no current 
at all. The current is from bismuth to 
antimony when a junction is heated, and 
from antimony to bismuth when it is chilled, 
A Thus the strength of current produced will 
depend on the difference of temperatures 
in the two sets of faces. A pretty strong 
current may be evolved by keeping one 
set of junctions in ice, or a freezing mix- 
ture, and the other in boiling water. The 
elearo-motive force is, however, very weak compared with 
that due to chemical action. In fact, it takes about one 
hundred and fifty bismuth-antimony pairs to give the electro- 

I motive force of a single Daniell cell, one set of joints being 
kept at the fi-eezing, and the other at the hoiHng point of 
water. For this reason, heat is not available 
yenient direct source of electricity by any of the 
liscovered. 



01 

1 



rTKERMO-PILE. 95 ^^M 

i+r. T/ie TherrKo-piU.—U is as a thermometer that the ^| 
thermo-electric battery has its most important application. 
When employed for this purpose, it is called a thervio-piU. 
To form it, some twenty or thirty antimony-bismuth pairs 
are connected as in a battery, and compactly put together ^^ 
with varnished paper between the sides. The whole is en- ^^| 
dosed in an insulating tube, so that only the junctions are ^H 
exposed at each end, and tliese are blackened, to increase ^^| 
their absorption of heat. Wires connect the end pktes with ^H 
an astatic galvanometer, whose coil must be of short thick ^^| 
■aiire, on account of the feeble tension of heat-excited cur- ^H 
rents. If either face be heated, a current will arise : if one ^| 
be heated, and the other cooled, the current will be stronger ; 
but if both be heated alike, there will be no current. So 
sensitive is such an instrument, that the mere approach of 
the hand or of a piece of ice, though at a considerable dis- 
tance, is sufficient to deflect its galvanometer needle. For 
experiments on radiant heat, this instrument is most import- 
ant, and now supersedes al! others. 

142. A curious effect was observed in 1834 by Peltier, and 
is sometimes known as the Peltier effect. When a feeble 
galvanic current is sent through an antimony-bismuth pair, 
in a direction from bismuth to antimony, and the junction is 
immersed in water, cooled down to the freezing-point, but 
not frozen, as much heat will be absorbed at the junction as 
will make the water frceie. Heat will be produced if we 
reverse the current, and the water will not then be frozen. 
In a series of pairs the junctions will be alternately heated 
and chilled. Only tlie current must not be too sbrong, else 
the whole will be heated. 

143. All these facts have been shewn to be in complete 
accordance with the modern doctrine of the conservation of 
energy. If the twofaces of a thermo-pile be kept each at acon- 
stant temperature, a constant current flows, in the antimony 
plates, from the warmer junctions to the other; and the energy 
of the current is an exact equivalent of the excess of heat- 
energy absorbed at the warmer over that given out at the 
Golder junctions. !1 the current be not converted into mag- 

(tical, mechanical, or chemical force, the heat energy will be 
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Jtitirely recovered as heat distributed through the i 
But if the current be used to do any work, a correspondi 
int of heat will be withdrawn from the circuit 
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144. The tissues and organs of animals are no 
by the electric spark and current, but they are themselves 
also a source of electricity. In general, the strength of their 
eiectro-motive power is so feeble that it requires special 
experimenf to detect it. There are, however, some species 
of fishes which exhibit such a power very readily. 

145, Electrical Fish. — it was long ago known that a 
kind of flat fish, found on the shores of the Mediterranean, 
produced a numbing sensation in the arms of the fishermen 
when they handled it. The Romans called it torpedo, 
from a word meaning to " benumb," and this name is 
now usually given to the whole genus to which it belongs. 
It has regular electric organs or batteries, placed on each 
side in the spaces between the pectoral fins, the head, and 
gills. Each battery consists of a number (varying according 
to age) of hexagonal prisms, somewhat like the cells 
honeycomb. The double set of oi^ans is completely 
the control of the torpedo; it can give a shock similar to 
of a Leyden jar ; and Matleucci has even obt^ned S] 

Among other kinds of fish with a similar power, the 
noted is the Gymnotm etectrieus, or electrical eel, fomid 
the rivers of Bengal and Surinam, and com 
streams flowing into the Orinoco. It is from three to four 
feet in length usually, though it has been found even six feet 
long. The whole of its viscera and digestive organs lie near 
the head, the rest of the body being taken up with the elec- 
trical apparatus. This consists of four batteries — two on 
each side, and placed one above tlie other, the upper being 
the larger. The batteries are made up of a number of piles, 
looking very like galvanic troughs, and numbering from 
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Flirty to sixty in tke upper, and from eight to fourteen in 
the lower battery. 

Faraday experimented, about 1840, on a specimen of this 
eel, exhibited in the Adelaide Gallery, in London, The 
shock which the animal was capable of giving was very great, 
equal to that of a good-sized Leyden battery. It was strong- 
est when one hand communicated with the head, and the 
other with the tail, and it was sufficient to siun or even kill 
smaller fish. 

146. In all such cases we have the extreme of electric 
development in the animal system. But apart from special 
organs, living nerve and muscle have an electricity of their 
own, which fails as life dies out, and is wanting altogether 
afler death. Much attention has been given of late years tu 
this electricity of muscles and nerves ; and the discoveries 
of Du Bois-Rcymond, Matteucci, and others, have given the 
study a title to be regarded as a branch of physical science. 

147, Galvani must, hoivever, be credited with being the 
father of the science. Frog-limbs, as prepared by him, a 
still one of the best 
means of shewing i 
only the effect of gal- 
vanic action on the a 
mal frame, but also the ^J 
existence of an electro- i"^ 
motiveforce in theframc 
itself. Galvani proved 
that two metals in con- 
tact are not required to cause convulsions in the frog-limbs. 
A single wire joining the spinal nerves with the muscles of 
the leg causes sensible convulsions, and he argued from this 
the existence of muscular 

The existence and principal laws of such c 
beyond a doubt ; though we are still in darkiicss as to their 
real origin, and their analogy tct other known sources of elec- 

In living animals, or in those very recently killed, there is 
always a current flowing from the interior of a muscle 01 
a nerve to its surface. These currents cease in wariTi-bloodod 
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animals in a few minutes aiter death 
animaJs, such as the frog, they 

148. That there ; 
nerves and muscles 
by a delicate gall 
of Sir W, Thomson. 



for a 
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: natural electricities resident 
) cause these currents, may be shewn 
r by the quadrant electrometer 
By means of this sensitive electro- 
meter, it is found that the surfaces and the ends of nerve (or 
muscle) fibres are oppositely charged like the two coatings 
□f a Leyden Jar. The sheaths of the fibres are supposed to 
be such bad conductors that they can act as a dielectric, like 
the glass of the Leyden jar. A charge is given to the outer 
surface by oxygenation, or in some oiher way, and an 
opposite diarge is induced by it on the inside. The current 
that affects the galvanometer arises from the connecting two 
oppositely charged parts. 

149. But the curious thing Is, that the muscle and nerve 
fibres are chnrgfd, while they remain at rest, and action is 
accompanied with a disappearance or discharge of the electri- 
cities. This is like the discharge which occurs when the 
torpedo puts itself in actioD, Indeed, the dischaige of the 
torpedo may only be "the unmasked form of what occurs in a 
masked form in every case of muscular and nervous action," 

As, then, a natural activity of nerve and muscle coincides 
with natural electric discharges in their tissues, so an arti- 
ficial activity is induced by artificial discharges. Mere chai^ 
or electrification has no effect, so long as it is constant. It 
is only a rudden change of charge (which is really a discharge) 
that produces an involuntary and artificial activity. 

This explains why the passage of a voltaic current is 
attended with no artificial production of action so long as it 
is constant. It is just equivalent to a constant charge of the 
fibres, and, therefore, to a state of rest. Only at the letting 
on or taking off of this charge do wc have a change of slate, 
which is really a discharge ; only then do we feel the shock; 
and only then are the fibres excited. This is easily verified 
by experiment with the galvanic current, either on the living 
I "-»dy, or on the bodies of animals recently dead. 

50. The physiological effects of electricity were among the 
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first observed, a.nd had doubtless a good deal to do with the 
rapid development of the science. The life-like convulsions 
excited by it in the limbs of dead animals hinted that nerve- 
force might be nothing but electricity. Many experiments 
were made on the bodies of oxen, horses, sheep, and such 
like, soon after death. Executed criminals even were experi- 
mented on, and many of the vital actions were alarmingly 
induced. All this was to find the connection between vital 
and electrical force. It was clear there was some relation, 
and it was thought probable that the two forces might be 
identical. 

Experiment has, however, failed to establish any relation 
between electricity and life so definite as it has established 
between electricity and the physical forces of heat. Sight, 
chemical, magnetical, and mechanical force. Man would 
fain find out the secret of Ufe, and the panacea for all his 
infirmities. But theproblem remains, and is likely to 
unsolved. 



ELECTRIC POTENTIAL. 



L place of the general term electrical 
e more precise term potential, which 
employed bymathematicians only, is now coming 

among practical electricians. It is derived from the 
modem all-embracing doctrine ai Energy., which connects the 
various forces of nalure in one common chain by one- 
common nomenclature. 

Energy of any sort, whether mechanical, thermal, magneti- 
cal, or electrical, is the power of doing Work, th.it is, of over- 
coming resistance of some kind, and is measured by the 
amount of a known and definable resistante that it is 
capable of overcoming. A moving mass has, in virtue of its 
motion, a power of combating resistance, as, for example, a 
waterfall, a flying bullet, a rotating fly-wheel, etc. ; and the 
work-power is greater the greater the mass and the greater 
tiie velocity. This is apparent, visible, actual, or Kinetit 
'~'.nergy. But,again, astoreiaUftdWa.\\^'^«-.ra ^\>wi.i.t*. 
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water, has Energy in virtue of its elevation above the 
mon surface of the eanh. In this case nothing is seen 
Energy is latent, possible, or/o/if«ftVi/merely, though as real 
as in the former case ; and th.e Work-power depends on the 
quantity of matter so raised, and the height to which it is 
raised. It is measured by the amount of Work that it can do 
in its fall, or by the amount of Work expended in raising it 
against the force of gravity. The power which the stone or 
water, when raised, has, in virtue of its separation from the 
earth, may be called its difference of gra-vitatioa potential, 
and is the same by whatever means it may have been pro- 
duced. So by friction, chemical agency, heat, or magnetic 
influence, an electrical separation, or difference of electrical 
potential is produced in dissimilar substances. The quantity 
of electric Energy so called forth, will depend on the extent 
of the electrified surfaces, and on the height of the electric 
potential, above that of the common reservoir or level, the 
earth, just as the quantity of gra'. itation Energy depends on 
flie mass, and the degree of elevation above the ground. 

152. To estimate ihe quantity of Energy in any case, suitable 
units of measure must be agreed on. The unit quantity of 
electricity is that quantity which would exert upon a similar 
quantity the unit offeree at the unit of distance. The Com- 
mittee of the British Association on Electrical Standards, 
adopted as their unit quantity, thai which would repel an equal 
quantity at a distance of one ccniimdtre, with such a force, 
Uiat in one second it would cause one gramme of matter to 
move at the rate of one centimOtre per second. The appara- 
tus which would so measure or express any electrical forces, 
is called an Absolute Elcctrometir, in contradistinction to 
ordinary electrometers, which merely indicate difference of 
electrical potential. 

153. The analogy of electricity to a liuid in its behaviour, 
on which are based all the old and common terms of the 
science, also obtains here. There is alwa/s a transference 
of electricity from a body at a higher, to one at a lower 
potential ; just as there is a flow of liquid only from a higher 

r to a lower level. For the measurement of this level we 
^ *ime as our zero of reckoning, the condition of the earth 
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rand us : a body is jwsitively or negatively electrical 
according as its potential is higher or lower than that of the 
earth around it ; just as the height of a body may he con- 
sidered positive or negative according as it is above or below 
the mean sea-level in its vicinity. On uninsulating a body 
therefore (or on connecting it with the earth), there is a flow 
or transference of electricity from the body to the earth, if it 
is positively electrified, and from the earth to the body if it is 
negatively. The analogy between electric and fluid Energy 
is very complete. We have kinetic electrical Energy in the 
galvanic current, because we have there a continuous electrical 
/allowing to the difference of electric level or potential in 
the two plates ; and a mere difference of electric level cannot 
perform Work any more than a mere head of water, without 
provision for its continued fall in a stream or current. 

A charged Leyden jar or battery bears the same relation 
lo a charged galvanic battery as the pressure ofahead of water 
in a hydrostatic bellows bears to the pressure in a pipe leading 
from a cisternfijlcd with water. The tendency to uniformity 
of the liquid level in the former case, may require a very much 
greater pressure to prevent it than in the latter, but the fall 
to a uniform level occupies only a short time, and is of little 
value for turning a wheel or doing oilier such work as the 
Steady current can effect. So with the electric pressure, 
tension, or potential. In the Leyden jar or battery, a very 
great distance, resistance, or insulation, is needed to prevent 
assimilation of the electric level between the interior and the 
exterior coatings ; whereas the slightest break of contact in 
the galvanic battery suffices to keep the electric Energy pent 
up. Hence the practical value of the galvanic condition of 
electrical Energy compared with the statical. 

154. Induction is the d sturbance of the electrical level or 
potential on a conductor, and can only be caused by Ihe pre- 
sence of a body at a different potential or level, a rise of the 
level at one side being accompanied by an equal depression 
at the other ; or, in the common phraseology, equal quantities 
of positive and negative electricity being produced at the 
same time. 

155. Bodies, from some unexplained phYsica.\ca.\i=.!L,'sc%^e»: 
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to have each iheir own peculiar electrical level with respect' 
to that of the earth ; so that when two different metals are 
placed in contact, a differenc« of electrical potential is set up 
between them, and the galvanic battery is an arrangement 
for producing an accumulation of such differences of potential, 
with the means of their constant renewal as the dectricity 
passes from a higher to a lower level. 

156. Electricity in its passage from a higher to a lower 
potential, may be transformed into any of the other forms of 
Energy according to circumstances. If it pass along a wire, 
it may appear as heat vibration among the particles of the 
wire, or it may be transformed into magnetic attraction or 
repulsion, or by that means into mechanical Energy. In 
accordance with the modern theory of the Conservation of 
Energy, whatever amount of Work-power is used in any part of 
the galvanic circuit, either in the shape of heat, or of mag- 
netism, is just so much abstracted from the electrical Energy 
of the current, as indicated by a galvanometer. 

For anything like a comprehensive or clear idea on this 
important doctrine of electric potentials, there is no scope in 
Buch a treatise as the present, and reference must be made 
to larger handbooks, such as Deschanel's " Natural Philo- 
sophy" (by Everett), Part 111.; Fleeming Jenkin's " Electri- 
city and Magnetism ;" Balfotir Stewart on the " Conservation 
of Energy ;" and, for those who understand the higher mathe- 
matical analysis, to Professor Clerk Maxwell's work, " Elec- 

I tricity and Magnetism," or Sir W. Thomson's " Paperi 

I Electrostatics and Magnetism." 
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SBcHonal, B. Given abarofsoft iron, abar of steel, anii a loadalo 
itale liow you would detect the steel. 

2, i, DesciibE Eome experiments by wliich the laws of roognelic , 
polar action may be verified. State tliose lnyr^ 

6. Explain the attraction of soft iron by a magnet on the theory \ 
of induction. 

6. What is the object of the horEe-shoe form commonly given to 

a magnet T Why should a magnet never be left without its keeper I I 

7, 8. How would you best magnetise a strip of steel} Is there a 
Hmil to the magnetic strength that you could commonicatc 1 

9. Give a short account of any of the ordinary theories of ma^ 

10. Explain the terms " diamagntCk," and " paramagnttU." 
Name any diamagnetic substa.nce3. 

12. If you were to sail from London to Australia, what differences i 
would you expect to find, along your course, on the indications of 
the ship's compass) 

14. What ate the mag ailic elemmis at London at the present tinK^ 
and what changes on them may be looked for a hundred years I 
hence 1 How is ihe "dip" of the needle accounted for) What is 
BB isoclinic chart ! 

16. How is the iiiUasily o! the Earth's magnetism measured ! 
Is it the same all over the globe t 

16. Is there any reason to believe that any of the heavenly bodies 
are magnetic ! 

18. Describe how you would shew experimentally that there are 
■ two kinds of electricity, and that tbey follow the laws of magielisif 
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^^^1 in their mutiml action. Why ai 

^^^1 no longer employed \ What ar 

^^^1 19. Explain distinctly what is meant hy feiitive and by tt 

^^H electricity. What were the old ti 

^^^1 SO. State briefly the four leading lan's of electrical development 

^^^H 21. State briefly any of the common theories of electricity. 

^^^r 22, 23, Compare the phenomena of magnetic and electric rndno- 

liOD, pointii^g out any differences that occur to you. How mafn 

body be charged permanently by electric 

24. What peculiar effect has the shape of a body on the digtrib4 

tion of its electricity) 

126, 27. Supposing you wished to ha.ve an electrical machine made, 
what nisterials would yon require, and what instructions would yoa 
give to a non-profeSEional instrument maker? What are the respec- 
tive advantages of the cylinder and the plate machine I 
28. Describe the electrophorus, and explain the principle 1 
action. Is it a source of inilefinitc electrical power ! 
29. Give a descriptive sketch of Holtz's machine ; and dcH 
any experimer 

32. flow may the Aurora Borealis be artificially imitated t ^ 
explanation of the pheDomenon does this suggest ) 
^^H^ 84. In what way is a gold-leaf electroscope used to detect U 
^^^B" nature of the electricity in any bodyt 

^^H 86, 87. Describe Coulomb's Torsion Electrometer, stating the laid 
^^^H flf electric action demonstrated with this ' 
^^^B iO, 41. If you charged a Leydeo jar by holding (he knob, and pi 
^^^K tenting the outer coating to the prime conductor, what would t 
^^^m the effect of your setting the jar on ao ordinary table, o 
^^^ ground I Why 1 

42, 48. How would you construct a battery of Leyden jars t n 
what electric effects might be shov 

45, 48. To what causes are thunderstorms ascribed I What re 
blances does lightning bear to an electric spai 
47. Why should one avoid being under a 
wall, in a thunderstorml 

■iO, 61. State generally the difference between Volla's and C 
theory as to the source uf electiic energy in the pile. 
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' 82. A strip of silver and one of pure zinc are dipped in add 
water : slate what occurs wlien they are kept apait, and what effect 
making Ihem touch has. 

53, 64. Explain, on the chemical ttieory, whj gas bubbles appear at 
one of the plates of a galvanic pair. At which of liie plates must 
they be looked for in a gold-iron pair t What do you understand 
by galvanic fireaii and current, by direction of the Current, and by 
eleiUromotive force ! 

54. Give the general law connecting the relative oxidabiiity of 
metals with their behaviour as galvanic couples. 

65. Is it n-ise to fasten lioc roofitvg with iron or copper nails, and 
why! 

B«, How does the electricity of the pile differ from that of the 
friction machine t Give an analogous difference in the case of heaL 

68. Hovf is polarisation of tlie plates of a battery to be explained, 
and how obviated t How is /a-fl/ action to be avoided I 

ic batteiy. What 

63, 63, 64, Eiplain the principles of action of a Daniell, a Grove, 
and a Bunsen cell ; stating their respective virtues. 

68, 67, 68. What are any of the modem modifications of the 
Daniell baliery, devised for the sake of economy I 

69, 70. Give an account of the sulphate of mercury and the 
Latanchi batteries, and the theory of (heir action. 

71. What is Ampere's rule for connecting the direction of a gal- 
vanic flow with the side to which it swings a magnetic needle f 

73. Describe generally the principle of the astatic galvanometer. 
Should the needles be fafeclly asUCic ? Why 1 

76. Explain eiactly the distinction between the strength of a 
iaOtry and of a current. Under what circumstances may a single 
couple give as strong a current as a large batteryl 

77. If a strong battery current were passed along n chain, whose 
links were alternately gold and aluminium, how would the distinc- 
tion between the two metals appear 1 Why I 

78. 79. What are the effects of the galvanic current on the different 
human senses I 
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81, 83. Explain Ihe terms. " deetrolytis," " tlietradt," "a 
"unodt." Why is it impossible to decompose water with a 
pair of gaJvajiic plates, however large they are T 

83. What is tho principle and the valae of Fanula)''* voltametert ■ 

85. Explain generally the process of taking an electrotype a 
copper off a wood engraving. 

87. What is Ampere's theory of magnetism I What are the 1*4 
of current action on which it is built t 

S8. Supposing that we wind a wire from a battery Toond (l.) d 
irou bar. (3. ) a sleel bar, and (30^ copper bar, what occurs in tt 
case? 

B9, 90. Describe the construction and advantages of an electro- 
magnet ; and give any practical applications of electro .magnetism 
that suggest themselves to you. Why is soft iron used for thi 
of a magnet) Why is iron used at all! 

90. Is there any hope that electricity may replace eosl 
of motive power for our engines t Why I 

92,93. What is meant by an "ear/A" in telegraphing I Sketchi 
couise of the electric current from its source at the battery to Ita 
"eartA" at the next station. 

B5. Describe the ioslniment which makes the clicking sound 
heard when a tcl^ram is being sent. 

96, 97. Describe the principal parts of the " Morte" and eirpbin 
the object and connections of the ' ' riloy. " 

100. Explain generally the principle of the Morse code of signals. 

101. How may a message be sent to a hundred different places at 
flie same timet 

105. Give a general idea of the Hughes type-printing telegraph; 
on wliat does the cfllcieney of the whole depend I 

106. What is Iheprincipleofthe single-needle telegraph, oaed on 
the rail^vay lines 1 

107. Describe the Wbeatslone A B C, or dial indicator. 
108-110. What are acoostic tel^mphil and name any of their 

advsnl.iges. 

111-114. Explain the principle of Wheatstone'a automatic trans- 
■Itii^ apparatus, stating its advantage over the hand system. 
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US, 116. How is it possible to use the same wire for slmaltancous 
messages in contrary directions. 

119. Give a sketch and short account of llie cotistruction of a 
submarine cable. 

12L What sort of indicator is employed in the case of the Allantia 
lelegraph I Why is an ordinary one useless here I 

122. Give a short account of the instrument by means of which 
messages seat from America may be made to record themselves in 

123, 121 How wonid you most simply exhibit the phenomenon 
of current induction t What are the laws connecting the relative 
directions of the inducing and induced coirents f 

125, 128. Kxplain the " make " of the primary and saondary of 
an induction coil ; and state what precautions as to insulation are 
necessary. 

127, 128. What is meant by the eitia currents of a coil apparatus ! 
What are their effects ) How are these counteracted ! 

150. What is the nature of induction-coil electricity! and what 
eRects is it best adapted to shew ? 

132. Describe the construction and principle of the common 
magiieto-electric machine used for medicai purposes. Why are its 
shocks 50 dLsagreeablc 1 

135. What is the peculiarity of Siemem' armature for the 
magneto- electric machine. 

136, 137. .Sketch and describe shortly WUdi's m/ichtru, with Sie- 
mens' form of armatnre. Mention some of the effects it can produce. 

140, 141. Distinguish between a thermo-electric battery and a 
theimopile. Is heat available practically as an ewinomical source oF 
electric currents f How! 

112, 143. What is meant by the l^lier tff^t t How does it 
accord with the modem doctrine of Energy t 

lis. On what grounds are some kinds of fish named specially 
electrical t 

147, ISO. What part Is it supposed that electricity plays in the 
muscular action of every animal during lifet 

151. What is a more precise feral for electrical state! Whatdoc- 
trine is it derix-ed from r What is Energy ( Give initances. U<> ■ 
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ro8 ELECTRICITY. 

may a difTerence of electric potential be produced in dissimilar sab- 
stances ? What does the quantity depend on ? 

152. H ow is the quantity measured ! What is the British electrical 
imit ? What is an Absolute Electrometer ? 

153. How does electricity flow ? What is the zero of high and 
low in electric potentials f When a body that has been insulated is 
connected with the earth, what takes place f 

154. Describe induction in terms of the potential. 

155. How does contact of two different metals produce electrical 
disturbance t 

156. What may happen to electricity in its passage from a higher 
to a lower level ? If a galvanic current heat the conducting -wire, is 
it as strong as before ? Why ? 



THE END. 



Edinburgh : Printed by W. & R. Ouunben. 



CHAMBERS'S EDUCATIONAL COURSE. 



NEW RBADING-BOOKS— 77fM(™(«i. 
BESDERS— J. rf ■ STANDAKD READmO-BOOKS. 



Inhnl Rcado. 

n II.. ..0 8] Buul 



BISTORICIAL READERS - 



junkr English Hislory. 1 

Sndor E^Bl^h HL<ury. 1 

OSOOEtAPHIOAL READERS - 



AlphabcE Sh«t. aa srronEboai 
luhlnt SchlHil Ruding-StlK 

PnnlEC, Pan L.^VEd 



::eH 



K Sundard Ri^iw-tloak...O 

ltd Siandaid RMdinj^ook..! 
jTth SuDdiud Raduie-B<nk.l 
ih Sondard Rt^adiDB-Book...! 



FimaDdSrcD»dSeries.eichl S 
Third Serin, LEitcn, At. ..1 

Lilenry Ruder, fm Sund. VL I B 
HATIOIfAL SBASIH&BOOZS. 

NiHoii.ll Radine-Shccu— 



Naliotial^rimrr, Sitp H. .... 
Fir« Nilionil RudinE-Baak. 
Second Nalional Radtoc-BoOl 
*niird Nxiuut ReiulinE-Book 

Fifth Nalionul RjadingSoulL 
Sliih NaiioDil R«dmg-Bc«k 

psttJ, eu^ ed, ; in J vuL.. 



Finl Boole of REadioE, nucf. . .0 1) 
Second Bcolt or Reading. N ...0 i 

LeiuD Book of Coounon ThinEt 
Bod Ordijury CondocL..... .,0 8 

Spelting Book, in ihreepini, l^d- 

Bd.Hnd6d. ; idu io 1 voL 1 

&)iillinn Voabularv <l 

CompoHtioiit Introduciion to.. . .0 fl 
Compotilion— Short Themoi on 

Euy Sutgecu. 

Compoiiuan— H Tem Cudi (or 



Book 11., fotSiandBrtlll 






uadal Primet,.. 
namiivi Eagliih C 
MiJ.U.:clirt..... 
pTBcdciil EnglUh GniDi 



' LanEUiwaAnd LiLer>ciirb.....D 
HiitoryAiIliBEoBJbfa Lansui^o 

I Etymolo|j(alEoBlkhDicliDiiar]rU 
ScnuocH tot Analyiii 



i 



CHAMBERS'S EDUCATIONAL COURSE-con(in««i. 

RohinsoLi Crusoe. WilhEiplan- I Noloi, gm , 1 t 

alory Now* &C. 1 B I Guid=-BootrorPppil-Te»chlrl...l 



WEITINQ AST) DRAWING. 

Post Copy-Booka, in 16 Noa. 

Foolscap Copv-Books, in 22 Nos 

Copj iJiiBB^oa. 1 to 12 

Graduated Writing-Sheeta, Noa. 1 to 15 

Freebnnd Drawing. Tint Grada — Elementary, la.; 
'■ id Grade.. 



Firat Book of Drawing, la.; or in two parta, teToed. saoh 

Drawing Boots, Progreaaiye, in 18 Booka, KWtd eadi 1 

Mechanical Drawing, in 3 Booka, lemd I 

Arohitectutal Drawing, in 3 Books, • • 2 

Isometrioal Drawing, in 2 Books, ■ 3 

GEOGRAPHY. 

Geographical PrtoiCT 

Btuidard Geography, in 4 parts, 3d. each ; cloth, 3d. ; in 1 »oL 1 

Scotland, Standard Oeogmphy of, with Map 

£lenientB of Physical Geography. 1 

Standard PhjBieal Geography, 3d.; doth 

Oatline Maps, 16 in a wrapper.. 1 

Or separately, folio, 2d. ; qnarto. Id. each. 
LARGE SCMOOL-BOOM MAPS (e ft. 2 in. long, by « tL 

" in. broad), nine, each mounted, 12s. ; varniafawi .U 

3emiBpheroa mounted, 18s.; vacnialied 30 

School Wall-Map of the World. 31 

Atlas of Entope, oontaining la qnarto Maps 

Sixpenny Atlaa, conaisting of 16 octavo Maps.. 

Primer Atlaa, oonaitting ol 14 q.uarto Maps 2 

School Atlas, conaisting of 31 ciuarto and 3 folio Mapa. G 

HISTORY. 

Andant History 2 

Medieval History 3 

Modem History. ' 



. _, Greece 2 

History of Rome 8 

Junior Eiiglisli History, • eomplete History for Standard IT- 1 

Spnior Enghflh HiBtory, a ootnplete History for Stand. V, & VL 1 

Short History of England, Fort L 2d. ) Part IL 3d.; Fut HL 

Or in uue volv- - 



Engliah History, Leading Eventa in 1 

Or, Part I. 6d.; Part IL la. 

istcry of Scotland 1 

iKograpliy, Eicmpluy and In^tcuctivo 3 

"'-ance.ita HiatoiT and Kevolutlona IScAool Edilioa) 3 

rtorical Queations, with Answers , 

-lutiad and Jliacellanaoua Qae3tion&, wilh AnaweCB. 



CHAMBEES'S EDUOATIONAL COTTRSE-andinatA 

ARITHMETIC AND MATUEMATICa 
Conisa of Aiithmatio. By T. B. Ellbsi— i. d. 

StBadardB L IL in one eewed, 2d. ; oloth, 3 

Anflwera 3 

Standanla III and IV. eaoli, aewed, ad. ; ololh, 3 

Anawera 3 

Standards V. VL e»oh, flawed, 3d. i oloth, 4 

Standard VU iL; i. 6 

._ Anawsra * 

In ona volume, with Anawera, 2s. ; without Answers 1 

Btandard Arithmeticid EierdweB, by H. Alltot, Taimton— 

jdtaHdardsI. to III. each, sd. 2d. dolh,3d. Anawora.... 4 

Standardly 2d. „ 3d. Anawera.... 4 

atandard V ii Sd. „ id. Anawera.... 3 

Btandaid Vi - M. •• Bd. Anawora,.,. 3 

BtandttrdVIUwitUAnBWora 3d. .. 4d. 

AriUunetical Eieiciaes, by John H. MaokaI, LL.D.— 

Parts L to IV eaoh, teieed, Iji; cloth. 2* 

Part V „ 4d.i n fi 

The Fiye PMts in one volume. Is. ; Anawere 6 

Aiithmctioal EieroiBeB, by J. S. Macka!, LL.D. (Sootoh 

Code.) Standards 1. II. m. eaoli IJd. ; Anawers. ^ 

Arithmetic, Introdnciion to......... ......--,,,-.,,,,--,, 1 

Advanced Treatise, 2a.i Key -.i D 

Drill Aiithmetio, Fractical ajid EKplanatiiry. T 

Arithmetical 'Feat Cards — 
E^lieh. Six Paelcets, paper oDver, Od. ; oloth,, .each 1 

Marlborongh. Five Paefcets, cluUi 1 

National Six Paokots, paper cover, iU. i cloth 1 U 

Eiokard and Taylor'a. Five Paoliela, cloth 1 

Tatuitoii. Six Packets, paper cover, Qd; obbh.,, ,. 1 D 
Book-keeping by Single and Double Entry 1 

by Single Entry 1 

two Euled Paper Booka for SiDgle Entry leiocil, I 3 

two Enled Paper Boota for Double Entry 1 3 

— Tranaaotiona, Two Seta. each U U 

Queations in, with Anawera 1 (1 

Fann Book-keeping aetced, U ti 

Standard Algebra, Parts L and IL each 4d. ; Part in U U 

In one volnuiB, 1b. 6d. ; Anawera 6 

Algebraic Teat Cards. In Tliree Stages, eaah 1 

Algebra, Theoratioal and Practical, 2s. 6d.: Key to 3 6 

Eicrdaes and Probiema in Algebra, with Anawera.,. ,,,.,.,. ^ 

- — — withoQt Anawera 1 

Plane Geometry, aeii.-e<l, Is. ; eloCfi, la. 6d. ; Key .,, 2 

ElBUienta of Eudid, I. to VT., XL XIL, by J. 8. MiOKiT, LL.U. 3 6 

Book i. la. ; Book II. 6d. ; Bot>k liL Bd. ; Books XL XIL U 

EipUoit Euclid, 3b.; Key, 2b.; BookaLILid.; Ill IV, 4 

Gemii^tncul Cliart— measuring 3 ft. * in. by 2 ft. 4 in. 2 S 

Menauratiou of Lines, bur/acea, and Volumes. 1 6 

Exerclaea on Mrnfluratlun, farming Key to Mensuration 2 

ItMtiealMatheuintioa, 3a.6d.; Key. 3 6 

Athematical Tables 4 8 

Hgonoiuetrical Tables >- •> 



I 

I 
I 



CHAMBERS'S EDUOATIONAl OOnESE-«on«nu«i ] 

ARITHMETIO FOR NEW SCOTCH CODE. 

Btandwd I id. ; doth, 2iL i Standard VI 3d. : cloth. 4i 

n U Id.: " M. Additionia(iEi-TI.)3d; 



1. IV 3d. i ,, ^d. Standards I. to IV. 

I. T 3d. ; .. 4d, I StandardB V. VL Sx-VL... 

SCIENCE. - * 

ElementsTy MHcTianicB, by J. Wir.UAKS, Swindon I 

Klementajy WHi-linmra, bj O. J. I^IWB. Sevwit Sdition^.— 3 1 
PiiD(ilpleBorAgricultiire.I. II.,eaBh3d.; ULSd. In 1 voL U 

EUmentarr Science Reader, bj C. M'Bae 1 I 

Boientifio Header 3 I 

Phjaiogrsphy, Elementary, by A. FlHDUTKH. LL.D..,. 

A^TOnosd, bjA. FlNULArEB,LLD 

Practical ChamiBtry, by Dr 3. MjiOABAM 3 I 

Inotguiio CLemiBtey, t^y ProfeBBor WiI:Bdn. 

Analytical Chemistry, by ProEBBsnr DrvtMAli. NeaSdUion... 

BDmestio Economy, Farta L and II., eudi 2d. ; Part UL. 

Or in 1 VOL 

Teat Carda. In 3 Pwiketa, in oluth (i»aa..eadi 

Study of Flowers, by DrWlLBOH. 

St&nciard Animal PhyaioloEy. By Dr Wir.aOK— 

Part L 2d. ; Parts II, and III. eaoh 3d. ; or in 1 ml...,.., 

MisIcllBnen™ Qnofitions, with Anawora. 

MignetiBm uid Blootr'oitjr 3 1 

Frintional Electricity... 

Voltaic Electridty 

Electricity, by Dr Fehqitson. JfeieSdition 3 I 

Hygiene— Elementary Dourae, by T. LoHDOH, Leeds... ' ' 

LATIN. 
Bnddimmi's Latin Rudi- 



Latin G 

Adv»nDad...4 

Latin Eiorciaei, Elementary.l 



SiJlnst. 

Ovid 

Vitjil 

Viigil— Jiield, "Book IV... 



i.atm-linEli 

EHgllaU-lii 



....EnEliahl'art- 2 I 
LglisU -Latin Fiut. 2 < 



FRENCH AND GERMAN. 

French Course— First Tear 6 I Eiigliah Gar. Phrase-book... I i 

Second Toar 1 OermaH Dictionary, 

First Uerman Heading-Book I S (jennan unii English 4 ' 

Seoimd Ger. Reading-Booii.. 2 t- (iermui-Englisb Pail. 2 ' 

" - 'Jranimar, Elementary. 1 li Englinh-Oeman Part. Z i 

Advaiiood— 3 DicUonaiy of Gemuui 



'h ■ 
■ ■. ^ 



(• f 



r?, 






L*-."^ 



« , 



t 



THE NEW YORK PUBLIC LIBRARY 
RBFBRBNGB DEPARTMENT 



This book is under no oiroumstanoes to be 
talien from the Buildin|( 







I ■ 




--I 



\ ■■••■ 



!*■■:■■• ■ 



fur III 410 






■ . "^-1 



% ■ .. . 
'» ■■■- * 

- ■"• * f . ■ ■ 



/ . 



S 



Ait 



